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FOREWORD.. 

May  I  take  the  opportuuity  to  express  my  obligations  to  Mr.  A. 
H.  ^leuelie  for  help  reudered  since  he  left  the  Survey  and  to  Mr. 
R.  O.  Allen,  my  successor  as  f^tate  Geologist  of  Michigan,  as  well 
as  to  all  those  who  both  on  and  off  the  Survey  have  done  so  much 
to  help  me.  1  want  to  thank  Mr.  Allen  in  particular  for  aid 
in  finishing  up  the  illustrations,  as  well  as  for  his  willingness  to 
help  me  in  every  way.  and  especially  for  permissi<»n  to  announce 
that  while  the  cross-sections  are  on  a  rather  small  scale,  engineers 
who  have  need  of  them  on  the  original  scale  can  make  arrange- 
ments with  the  Survey  office  to  obtain  blue  prints. 

It  is  one  of  the  necessary  inconveniences  of  publishing  that  by 
the  time  a  thing  is  out.  it  is  out  of  date.  I  regret  that  I  have  not 
been  able  to  give  to  the  able  work  of  Van  Hise  and  Leith  in  Mono- 
graph 52  of  the  U.  S.  G.  S.  (the  report  on  the  geology  of  the  Lake 
Superior  region)  the  attention  which  it  deserves.  The  text  of  this 
report  ( part  of  that  for  the  year  1909.  it  will  be  noted)  w^as 
written  before  that  appeared.  I  have  inserted  a  few  necessary 
references  in  the  foot-notes,  while  reading  proof,  mainly  to  indicate 
points  where  our  views  diverge.  But  I  have  not  thought  I  ought 
to  burden  an  already  bulky  report  by  augmentation.  I  am  glad 
to  say  we  now  practically  agree  as  to  the  stratigraphy  of  the 
KeweenaAvan  and  other  facts,  and  these  will,  in  due  time,  speak 
for  themselves. 

Very    respectfully, 

ALFRED  C.  LANE. 


CHAPTER  I. 
A  POPULAR  DESCRIPTION. 

§  1.     INTRODUCTION. 

This  first  chapter  is  intended  to  be  a  short  account  of  the  whole 
subject  put  in  language  that  may  be  understood  \jy  peiople  who  have 
taken  no  course  in  geology-.  It  is  based  on  an  article  for  the 
Lake  Superior  Mining  Institute,  but  I  have  tried  to  fit  it  for  an 
even  wider  circle  of  readers, — the  miner,  the  normal  school  student, 
and  the  business  man.  And  I  have  tried  at  the  same  time  to  con- 
vey as  much  information  as  possible.  In  such  a  chapter  the  ar- 
guments for  the  various  conclusions  can  not  be  given  and  it  must 
be  largely  ia  statement  of  results,  for  the  results  may  have  to  be 
derived  from  the  most  refined  and  technical  research. 

In  my  studies  of  the  copper  bearing  rocks  I  have  received  favors 
from  mining  men  from  one  end  of  the  range  to  the  other  and 
I  take  occasion  here  to  express  my  thanks  to  C.  A.  Wright.  W.  W. 
Stockly  and  A.  H.  Sawyer  of  the  Keweenaw  Copper  Co..  W.  J. 
Penhallegon,  who  took  a  rery  intelligent  interest  in  the  matters 
over  which  he  had  charge  for  the  Calumet  and  Hecla  around  the 
Delaware:  D.  D.  Scott  at  the  Phoenx:  Dr.  L.  L.  Hubbard,  my 
friejid  and  co-worker  in  science,  and  A.  Formis  who  have  charge  of 
the  Ojibway;  Fred  Smith  and  W.  F.  Hartman  at  the  Mohawk 
and  A^'i'olverine;  Capt.  James  S.  Chyuoweth :  Jas.  McNaughton  and 
E.  S.  Griersou.  F.  W.  Ridley,  G.  H.  Heath.  J.  B.  Cooper.  J.  Pollard, 
and  many  others  at  the  Calumet;  R.  M.  Edwards,  Mat.  M,  Dennis, 
Chai'le?  B.  Lawton.  R.  H.  Shields,  A.  C.  Burrage,  Norman  W. 
Haire.  Vy.  J.  Uren,  Jas.  E.  Richards,  F.  W.  Denton,  R.  R.  Seeber, 
Reg.  C.Pryor.  Mr.  Hjotchkiss,  of  the  ^Adventure,  J.  M.  Wilcox,  E. 
Fennev  Douglas.  Geo.  Hooper,  and  R.  S.  Schultz. 

§2.      THE    LAKE    ST'PERIOR   BASIN. 

The  State  of  Michigan  is  divided  by  Lake  Michigan  into  two 
peninsulas  (Fig.  1),  which  may  be  likened  t'o  the  right  and  left 
hands  of  the  State.  In  fact  the  resemblance  is  so  striking  that 
the  district   east  of   Saginaw    Bay   has   long   been   known  as   the 
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Thumb  of  the  Lower  Peninsula.  But  ju.st  as  the  Lower  Penin- 
sula lies  between  Lakes  Michigan  and  Huron  with  Point  Aux 
Parques  projecting  as  a  thiunb  into  Lake  Huron,  so  the  Upper 
Peninsula  lies  betw^een  Lakes  Michigan  and  Suf>erior  (Pig.  1). 
Upon  this  point  occur  the  famous  mines  of  native  copper,  which 


Fig.    1.      Outline   map   of    Michigan  sliowing   tbe   "Tliumbs :"   also    the   mean   annual 
temperatures.     See  Chapter  VI,   §  2. 

may  perhaps  be  classed  as  the  richest  and  the  deepest  in  the 
world.  The  rocks  in  which  they  occur  surround  Lake  Superior 
(•((Utinuously  at  the  west  end  and  patches  are  found  at  intervals 
all  around  it.  They  consist  mainly  of  alternate  layers  of  red- 
dish sandstones  and  pebble  beds,  that  is,  conglomerates  and  lay- 
ers of  once  molten  lavas  known  as  felsite,  trap  and  amygdaloid. 
These  beds  dip  toward  the  lake  from  all  sides  and  individual  beds 
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can  be  shown  to  dip  down,  pass  beneath  it,  and  re-appear  on  the 
other  side. 

Lake  Superior  is  about  412  miles  long,  and  has  an  area  of  31,200 
square  niiles.  The  greatest  depth  is  1,008  feet  and  most  of  the 
lake  is  over  500  feet  deep.  Its  average  breadth  is  about  7G  miles 
and  since  its  depth  is  from  one  to  two-tenths  of  a  mile,  it  can  be 
showTi  that  it  is  a  real,  though  slight,  concavity  in  the  round  of 
the  earth's  surface,  for  the  curvature  of  the  round  earth  in  a  dis- 
tance of  80  miles  would  mean  that  the  level  curve  of  the  water 
would  be  about  one-tenth  of  a  mile  above  a  straight  line  drawn 
from  side  to  side.  Thus  the  downward  curve  of  the  bottom  of 
the  Lake  Superior  basin  is  greater  than  the  natural  upward 
curve  of  the  Avater  surface.  But  if  the  bottom  of  Lake  Superior 
is  a  downward  curve,  much  more  so  must  be  the  earth's  crust 
passing  beneath  it.  It  is  important  to  remember  this,  for  if  a 
downward  bend  is  formed  in  the  earth's  crust  it  will  not  be  easy 
to  reverse  it,  any  more  than  it  is  easy  to  reverse  a  crease  in  a 
piece  of  paper.  So  we  are  not  surprised  to  find  that  the  Lake 
Superior  region  seems  to  have  remained  a  basin  (or  synclinal) 
from  away  back  in  geological  history. 

Accordingly,  the  beds  to  the  nortliwest  of  the  Lake  dip  to  the 
southeast,  and  those  to  the  south  dip  northward. 

On  the  north  and  on  the  south  of  this  basin-shaped  (synclinal) 
downbend,  are  upbends,  bosses,  shields  or  anticlinals,  as  they  have 
been  called.  These  upbends  have  largely  been  Avorn  away,  ex- 
posing cores  of  granite.  This  granite  appears  south  of  Bessemer 
and  Ironw^ood,  and  again  in  the  Huron  mountains.  Intermixed  and 
around  these  cores  of  granite  come  first  a  series  of  dark  green 
rocks,  in  which  the  mineral  hornblende  is  very  conspicuous.  These 
are  the  Keewatin  rocks. 

Next  come  the  series  of  Huronian  rocks  in  which  our  Michigan 
iron  mines  are  located  (Fig.  4).  Like  the  Keweenawan  rocks,  the 
Huronian  rocks  on  the  north  and  south  sides  of  Lake  Superior 
are  similar.  For  instance  the  Iron  Range  of  Gogebic  Lake  cor- 
responds to  rocks  about  Port  Arthur.  Overlapping  these  there  is  a 
fringe  of  the  copper  bearing  or  Keweenawan  rocks,  which  on  the 
south  side  of  Lake  Superior  are  exposed  at  intervals  from  Silver 
inonntMiii,  which  lies  south  of  the  head  lof  Keweenaw  Bay,  pa^st 
the  south  end  of  Lake  Gogebic.  On  the  north  side  they  are  found 
along  the  north  shore  of  Lake  Superior  from  Duluth  to  beyond 
Port  Ai-thur.  Tlie  succession  of  rocks  is  given  in  more  detail  in 
Figure  4,  and  is  described  in  a  later  chapter. 
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Character  of  Rocks 


Sandstone;  white,  waterbearing,  in  hollows  of  Caldferous  dolomite,  but  absent  often 

Buff  and  bluish  dolomites  often  sandy,  with  dolomiUc  while  sandstones. 
Sandstone;  white  or  light,  waterbearing. 

Sandstone:  red  and  brown  and  striped  with  streaks  of  red  clay  shale,  conglomcritic 
where  it  laps  upon  older  formations, 
drawn  to]  scale,  the  relation  of  the  Freda  to  the  Lake  Superior  Sandstone  being  uncertain, 
probably  one  formation. 

Sandstone:  red,  with  soa>e  felsilic  and  basic  debris,  and  salt  water. 

Shales:  dark,  fissile  beds,  with  dark  basic  fragments,  and  products  of  decomposi- 
tion of  lavas  copper-bearing. 

Conglomerate:  ver>'  heav-y    red.  with  large  rounded  bowlders  of  all  lower  forma- 
tions, including  jaspUitic  iron  ores,  agate  amygdules.  gabbro  aplites.  etc. 


Traps:  basaltic  lavas,  and  at  least  one — the  "Middle" — conglomerate. 
Conglomerate:  ver>'  heavy,  like  the  outer  conglomerate. 

Group  of  basic  lava  flows,  with  frequent  beds  of  sediment.  Marvine's  (c). 

Group  of  basic  lavas  of  the  "ashbed*'  type  with  scoriaceous  sediment  and  only  50 
feet  or  so  of  conglomerate.     Locally  felsites" 


Group:  mainly  of  lavas  of  the  augitic  ophite  type,  with  infrequent  sediments.  At 
the  top  is  the  'Mesnard  epidote"  and  just  beneath  the  heaWest  flow,  over  i  000 
feet  thick  at  times  known  as  the  Greens'one.  Under  this  is  the  .-Mlouez  con- 
glomerate Marvine's  No.  15.  No.  13  is  the  Calumet  and  Hecla  conglomerate 
or  lode.     The  Kearsarge  Lode  is  shortly  above  0. 


?  to  9500+    Groi*^;  mainly  of  basic  lavas    but  with  intrusive  and  effusive  felsites  and  coarse 
C500  sedi-         labradorite  porphyrites;   also  intrusive  diflbase  dikes  and  gabbro  and  gabbro 
aplites. 

Slates:  black  and  graphitic,  and  graywacke  slates,  passing  into  graywacke  arkoses, 
and  quartziies;  metimorphosed  into  suurolite.  chiastolite.  garnet,  and  other 
mica  schists  and  phyllitcs. 

Iron  jormclicn  or  schist:  slates  with  cherty  carbonate  and  soft  ore. 


Iron  formatum:  cherty  carbonates,  altered  to  jaspUites,  etc.,  with  effusives  and 
intrusives  altering  to  hornblende  schists  and  ampbibolites. 


Slates:  graywackes  and  arkoses  and  volcamcs. 

Quartzite. 

Slate:  black  largely. 

Dolomite:  with  sihceoas  cherty  and  slaty  (schistose)  bands. 

Quartzite:  conglomerate  and  arkose. 


Greeiistone  schists,  amphiboHtes.  hornblende  schists,  sericite  schists  or  crushed 
felsites,  rarely  ellipsoidal  greenstones  and  slates  and  jaspilites.  very  largely  cut 
by  granites,  the  Laurentian,  and  numerous  other  classes  of  injections. 


Fig.    4.      Geological    Column   about    Lake    Superior. 
Fig.    2.      Report   for   1908. 


After    Journal   of    Geology,   and 
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§3.     THE  KEWEENAW  FAULT. 

The  center  of  this  basin  has  been  crowded  out  of  place  and 
lifted  up.  Slow  contraction  of  the  earth  causing  compression  of 
the  outer  la.yer  of  the  crust  mar  have  produced  such  a  stress  as 
to  spring  it  up  (Fig.  5a),  or  it  may  have  been  lifted  up  on  the  back 
of  some  vast  sill  of  molten  rock  thrusting  its  way  in  beneath 
(Fig.  5b).  Such  a  great  inserted  mass  (batholite)  of  heavy 
rock  (gabbro)  forms  the  basal  member  of  the  Keweenawan  se- 
ries in  Minnesota  and  in  Michigan  near  the  Bessemer  poor  farm^ 
is  a  similar  basal  intrusive  sheet  of  gabbro.  The  latter  is  not  so 
well  exposed  as  the  one  in  Minnesota.  The  lines  of  fracture  along 
which  beds  have  been  thus  displaced  are  known  as  faults  (F'F  of 


Fig.  5.  Figures  illustrating  two  possible  explanations  of  the  Keweenaw  Fault,  the 
lower  (a)  formation  by  compression;  the  upper  (b)  formation  by  the  intrusion  of  a 
great  gabbro  sill. 

Figure  o).  Faults  are  not  really  straight  although  they  are  gen- 
erally drawn  as  straight  lines,  nor  are  they  always  inclined  at  the 
same  angle  at  every  point.  Though  at  times  they  are  marked  at 
the  surface  by  a  single  narrow  line  which  may  be  followed  by  a 
narrow  seam  of  red  clay,  known  to  miners  as  fluccan,  they  are 
frequently  characterized  by  a  broad  belt  of  shattered  rock. 

The  great  crack  or  fault  in  Michigan  runs  from  Bete  Gris  Bay 
on  Keweenaw  Point  southwestward  past  the  north  end  of  Lake 
Gogebic. 

Thus  going  west  from  the  Huron  mountains  we  j)ass  over  flat 
lying  sandstone  (the  Jacobsville  sandstone)  around  the  head  of 
Keweenaw  Bay,  at  Baraga,  and  near  the  Mass  mill,  which  belongs 
above  the  copper  bearing  rock.  Then  we  come  to  a  great  fault, 
on   the  northwest   side   of  which   the   countrv   is  higher  and   the 


^Annual    report   for   1906,    p.    488. 
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rocks  are  uptilted  so  as  to  bring  lower  rocks,  the  copper  bearing 
rocks,  into  view.  These  beds  dip  at  first  steeply,  then  more  grad- 
ually northward  to  the  lake.  They  are  matched  on  the  other 
side  by  similar  beds  on  Isle  Royale,  which  have  steep  dips  with  fel- 
site  at  the  north  margin  of  the  island  as  Keweenaw  Point  has 
on  its  south  margin.  The  backbone  of  Isle  Royale  and  that  of 
Keweenaw  Point  is  the  same  lava  flow.  The  former  is  fringed  on 
the  south  side  by  sandstone,  while  on  Keweenaw  Point  sand- 
stones occur  near  the  various  mill  sites  at  Freda. 

One  reason  for  thinking  that  this  great  fault  which  bounds  the 
copper  range  on  the  south  is  not  merely  due  to  intrusion,  but  in 
part  to  some  long,  slow  action,  like  the  shrinkage  of  the  earth, 
is  that  there  seems  to  have  been  motion  along  it  for  ages.  Not 
so  very  far  from  it  at  Limestone  mountain  (in  Sections  23  and 
24,  T.  51  N.,  R.  35  W.,  and  again  in  Section  7  northeast)  Paleo- 
zoic strata  as  late  as  the  Niagara  are  caught  and  presen-ed  in 
a  fold  in  the  Lake  Superior  sandstone,  which  along  the  line  of  the 
fault  is  disturbed  from  its  normally  nearly  horizontal  position.  A 
picturesque  instance  of  this  is  the  Wall  ravine  not  far  north  of 
Lake  Linden,  which,  as  well  as  the  more  noted  Douglass  Houghton 
ravine  and  falls,  is  north  of  and  close  to  the  electric  line  from 
Calumet  to  Lake  Linden,  A  mile  or  two  south  of  the  College 
of  Mines  a  number  of  ravines  also  show  the  fault,  and  the  same 
region  shows  indications  of  faulting  before  as  well  as  after  the 
deposition  of  the  Lake  Superior  sandstone,  in  the  overlap  of  this 
sandstone  upon  the  upturned  copper  range.  Pebbles  of  lower 
beds  of  the  Keweenawan  series  are  also  found  in  the  higher  con- 
glomerates of  the  same  formation,  showing  that  the  uplift  began  in 
Keweenawan  time,  and  yet  the  fault  line  must  have  been  a  center 
of  disturbance  ages  later. 

Such  a  line  of  weakness  when  once  formed  naturally  remains 
a  line  of  weakness.  Hobbs  has  showTi  that  earthquakes  follow  the 
same  lines  of  weakness  again  and  again. 

There  is  anotlier  way  of  looking  at  the  faulting.  The  Keweenaw 
and  previous  formations  show  great  overflows  of  molten  rock  from 
the  earth's  interior.  The  granite  areas  of  the  Huron  mountains 
show  great  dikes  of  these  lavas  which  have  been  thrust  in  and  con- 
gealed. We  therefore  may  easily  see  that  if  the  lavas  came  from 
beneath  Lake  Superior  there  would  be  a  tendency  for  the  crust 
above  to  slump  and  perhaps  for  the  sides  to  come  together  to  fill 
the  void  thus  left.' 

There  arc  other  main   faults  like  the  Keweenawan  fault,  nota- 


KEWEENAW    SERIES    OF   MICHIGAN.  23 

bly  one  on  the  south  side  of  the  Porcupine  mountain  range,  and 
others  described  by  Lawson  around  Port  Arthur. 

§4.     OTHER  CRACKING. 

With  this  uplift  naturally  came  a  good  deal  of  other  fracturing 
of  the  rock,  splinter  faults  we  might  call  them,  and  all  this  dis- 
turbance mav  have  had  a  good  deal  to  do  with  setting  up  and 
guiding  the  Circulation  of  the  waters  that  laid  down  the  copper. 
Some  people  think  that  the  copper  was  introduced  into  the  forma- 
tions at  this  time,  but  the  writer  thinks  that  it  was  only  collected 
together  into  workable  deposits. 

The  amount  of  uplift  differs  in  various  places  and  in  some  of 
them  rather  suddenly.  While  around  the  Calumet  mine  the  beds 
dip  41  degrees  or  le«s,  in  the  vicinity  of  Hancock  and  Houghton 
the  dip  is  nearer  56  degrees,  and  a  few  miles  farther  south  in  the 
mines  of  the  Copper  Kange  Co.  on  the  Baltic  lode  it  is  about  70 
degrees.    Numerous  data  on  dip  will  be  found  in  Chapter  V. 

There  are  many  fractures  running  across  the  formation.  The 
following  figure  shows  a  few  of  those  along  the  Gogebic  range, 
and  how  the  range  is  by  them  broken  up  into  blocks. 

Further  references  to  these  fractures  will  be  found  on  con- 
sulting the  index.  See,  for  instance,  the  fractures  on  the  Wyoming 
and  Manitou  properties.  Sometimes  the  beds  are  only  slightly  dis- 
placed and  the  fracture  is  marked  merely  by  a  seam  in  many  in- 
stances filled  with  some  white  mineral  like  calcite  or  quartz. 
The  pinkish  sawdust-like  laumontite,  the  lead  colored  copper  ore, 
chalcocite  (or  glance),  native  copper,  and  brass  colored  copper  ar- 
senides like  Mohawkite  occur  in  the  seam^.  Along  some  fracturets 
the  displacement  is  greater  but  in  most  instances  it  is  only  a  short 
distance.  Hardly  a  mine  is  without  cross-fissures,  yet  it  can  not 
be  said  that  in  general  the  mines  are  richer  next  to  them  in  the 
main  Keweenaw  range. 

Usually,  but  not  always,  at  a  fissure  running  northward  a 
bed  running,  or  as  it  is  called,  striking  east  or  northeast  and 
dipping  north  under  the  lake  is  found  to  the  right  as  one  follows 
it  across  the  fissure  from  west  to  northeast  or  east,  as  though  the 
beds  had  on  that  side  been  thrown  to  the  south  or  downward.  This 
is  well  marked  in  the  last  two  fissures  of  Figure  6.  However, 
in  following  a  bed  across  what  seems  on  the  surface  to  be  such  a 
fracture  the  bed  may  never  be  lost  entirely  but  simply  deflected 
suddenly  from  its  course  on  entering  a  belt  of  much  disturbed 
around,  filled  with  innumerable  minor  fractures  coated  with  clay 
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Fig 
24.) 


G.     Cross  fractures  north  of  the  Gogebic  Range.      (From  Report  for  190G,  Fig. 
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called  clay  seams.  Such  a  belt  may  be  called  a  shear  zone  or 
kink  in  the  formation  (Fig.  11)  as  though  some  gigantic  pair  of 
shears  had  started  to  cut  the  formation  apart  and  make  a  fault, 
but  had  stopped  in  the  act. 

Some  of  the  beds  of  the  copper  bearing  (Keweenawan)  series 
are  copper  bearing  for  long  distances, — so-called  bedded  lodes. 
The  Kearsarge  lode,  so-called,  is  being  mined  from  the  La  Salle, 
the  south  line  of  T.  56  N.,  R.  33  W.,  to  the  Ojibway,  Section  14, 
T.  57  N.,  R.  32  W.,  that  is  13  miles,  and  it  is  knowni  to  bear  cop- 
per in  paying  quantities;  at  least  in  hand  specimens,  for  twice  this 
distance. 

Now  when  such  bedded  lodes  are  crossed  by  fractures  a  change 
in  their  productiveness  occurs.  This  will  be  gone  into  more  fully 
in  a  chapter  on  the  distribution  of  copper.  Toward  the  end  of 
Keweenaw  Point,  where  the  dips  of  the  beds  are  relatively  flat 
in  the  upper  part  of  the  formation,,  the  cross-fissures  were  the 
first  and  most  extensively  mined  and  the  bedded  lodes  are  richer 
near  them.  Near  Portage  Lake  the  reverse  seems  quite  as  often 
true. 

§  5.      SLIDES. 

Fractures  running  across  the  fomiation  are  by  no  means  the 
only  ones  which  are  present.  If  we  bend  up  a  pack  of  cards  we 
notice  a  good  deal  of  slipping  of  one  card  over  the  other.  Un- 
questionably there  has  been  much  slipping  of  one  bed  over  another 
in  the  uptilting  or  bending  of  the  Keweenawan  beds.  Sometimes 
this  is  shown  by  a  polishing  of  the  two  different  beds  adjacent  to 
the  contact  line,  ''slicken-sliding"  it  is  called.  The  polish  is  not 
perfect  and  the  direction  of  motion  is  indicated  by  scratches.  Some- 
times one  or  both  of  the  beds  lying  next  to  such  a  slide  are  shat- 
tered with  small  fractures  or  rubbed  down  to  a  red  clay  called 
fluccan. 

But  probably  more  often  than  it  is  easy  to  prove  these  slides 
do  not  run  at  all  times  exactly  with  the  beds  but  dip  more  steeply.^ 

All  these  fractures  parallel  to  the  strike  of  the  beds  are  liable 
to  be  called  slides  as  well  as  veins.  If,  however,  we  assume  that 
when  these  faults  are  not  parallel  to  the  bedding  they  dip  more 
steeply,  such  faults,  if  they  do  not  produce  repetition  of  the  same 


=A  very  well  known  illustration  of  the  kind  occurs  in  the  Michigan  mine  (formerly 
Mine.sota"  with  one  n)  in  which  the  "North"  vein  which  dipped  52°  to  64°  came  down 
on  a  conglomerate  which  dipped  about  44°,  the  two  intersecting  at  the  40-^athom 
to  60-fathom  levels,  where  the  greatest  masses  of  copper  ever  found  were  located,  as 
described  by  Lawton  in  the  report  of  the  Commissioner  of  Mineral  Statistics,  1880, 
p.  76.  A  'mass  weighing  about  500  tons,  46  feet  long,  ISM;  feet  broad,  SVo  feet 
thick,    average    breadth    121/-    feet,    average    thickness    4    feet,    was    the    largest. 
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bed,  but  strike  out  a  part  of  the  series,  must  be  really  slides,  or 
as  it  is  called  "normal,"  as  shown  by  the  following  figure  (7). 

By  studying  Figure  7  one  can  see  that  shafts  or  drill  holes  might 
miss  the  conglomerate  entirely  or  seem  to  find  the  bed  beneath  ab- 
normally thin  owing  to  a  dowTiward  displacement  of  the  bulk  of 
the  strata  (bed  d-e).  Now,  as  a  matter  of  fact,  in  matching  the 
records  in  various  shafts,  drill  holes  and  cross-cuts  it  much  more 
often  seems  as  though  something  was  gone,  than  as  though  some 
set  of  beds  were  repeated.  For  instance  the  well-known  "slide" 
under  the  Greenstone  often  seems  to  have  wiped  out  of  existence 
the  Allouez  conglomerate.  The  Kearsarge  conglomerate  appeared 
at  the  bottom  of  the  Central  mine,  but  was  wiped  out  in  higher 
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Illustrating  effect   of   normal   slide   faulting. 


levels.^  Another  slide  has  in  many  places  reduced  the  Wolverine 
sandstone  to  a  mere  remnant.  It  is  easy  to  ascertain  when  a  well- 
known  conglomerate  is  gone,  but  not  so  easy  to  ascertain  that  a 
trap  bed  is  merely  reduced  in  thickness. 

§  6.      CHARACTER    OF    THE    BEDS. 

The  commonest  copper  bearing  rocks  are  mainly  old  lava  flows, 
and  the  usual  type  is  much  the  same  as  any  ordinary  trap  or 
basalt.  The  amount  of  silica  in  the  trap  rock  is  about  46  per  cent, 
alumina  15  per  cent,  iron  oxide  13  per  cent,  lime  to  10  per  cent, 
magnesia,"  say  7  per  cent,  soda  3  per  cent,  and  not  over  1  per  cent 
or  2  per  cent  each  of  carbon  dioxide,  combined  water-,  titanic  ox- 
ide and  potash.  Other  ingredients  are  present  in  only  a  small 
fraction  of  one  per  cent.  The  composition  as  a  slag  would  then  be 
not  far  from  the  following: 

(CaO)    (MgO)     (Na,0   FeO)     (FeAl),A,   4(SiO,). 

sSee  Lake   Superior  Mining  Institute,    1895,   Plate   IV. 
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This  would  be  nearly  the  composition  of  the  mineral  known  as 
augite,  but  in  such  a  rock  tliere  would  be  only  25  per  cent  to  30 
per  cent  of  augite,  a  little  over  half  would  be  a  lime  soda  feld- 
spar and  the  balance  would  be  magnetite  or  ilmenite,  chrysolite 
(olivine)  and  chlorite,  zeolites  and  other  minerals  usually  called 
secondary.  Such  a  rock,  if  so  coarse  that  both  feldspar  and  augite 
can  be  recognized,  would  be  in  Pirsson's  and  Chamberlain  and  Salis- 
bury's field  classification,  a  r/ahhro — if  less  coai-se.  so  that  while 
the  constituent  feldspar  is  plainly  observable  the  dark  mineral 
can  not  be  made  out  (and  good  geologists  have  indeed  often  mis- 
taken augite  for  hornblende  in  these  rocks),  a  dolerite,  while  if 
finer  yet  it  would  be,  if  not  porphyritic,  a  hosaU,  if  porphyritic, 
a  meUphijre.  All  these  varieties  may  occur  in  one  and  the  same 
lava  flow,  and  it  is  convenient  to  have  some  term  to  apply  to  a 
lava  flow  as  a  whole  regardless  of  its  var\ing  coarseness  of  grain. 
We  might  call  these  flows  traps,  but  time-honored  usage  in  Lake 
Superior  discriminates  the  main  massive  part  as  trap  from  the 
originally  porous  upper  part  as  amygclaloid.  These  are  semi-pop- 
ular terms. 

The  term  gahhro  is  kept  for  the  deeper-seated  intrusions.  Most 
of  those  rocks  which  are  generally  fairly  uniformly  coarse  in  grain 
are  galdro.  All  the  effusives  are  wholly  or  partly  of  the  melaphyre 
type.  So  we  continue  to  use  the  term  melaphyre  for  the  dark  col- 
ored lavas  generally,  and  call  the  coarser  streaks  doleritic  mela- 
pliijre,  instead  of  dolerite. 

Since  many  writers  confine  the  term  basalt  to  younger,  more 
vitreous  rocks  and  very  many  apply  it  to  porphyritic  rocks,  and 
since  this  term  has  not  been  much  used  in  connection  with  these 
Keweena'wan  rocks,  the  term  melaphyre  being  used  by  Pumpelly,  Ir- 
ving and  most  writers,  we  shall  not  introduce  it  here,  but  continue 
to  speak  of  melaphyre,  feldspathic  melaphyre,  and  luster  mottled 
melaphyre.  or  ophite.  The  chemical  character  of  these  rocks  is  the 
subject  of  a  separate  chapter  and  has  recently  been  quite  fully 
discussed  by  A.  Winchell.  Variations  in  composition  arise  in  these 
rocks  from  increase  in  silica  or  soda  and  decrease  in  lime  when 
compared  with  the  prevailing  types.  In  either  case  the  rock  is 
liable  to  be  relatively  finer  grained  considering  its  thickness.  As 
the  soda  increases  and  the  lime  diminishes  we  find  a  strong  ten- 
dency for  the  feldspar  to  have  crystallized  out  earlier  and  occur 
clotted  together  (or  glomeroporphyritic)  in  lighter  angular  light 
greenish  or  reddish  forms  on  the  porcelain-like  mass  of  the  rock. 
Such  crystals  are  called  porjjhyritic  crystals  (phenocrysts).    Large 
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porphyritic  crystals  are  characteristic  of  certain  beds,  the  foot  of 
the  Kearsarge  lode,  for  instance,  and  the  Ashbed  melaphyres. 

As  the  silica  increases  there  is  a  strong  tendency  to  flesh,  red, 
and  light  colors,  and  the  occurrence  of  phenocrysts  of  white  feld- 
spar, or  of  quartz  either  round  or  nearly  square.  ]f  the  quartz 
particles  are  inconspicuous  the  rock  is  called  felsite,  if  conspicu- 
ous quartz  por])hyry,  or  as  has  been  suggested  quartzophyre. 

These  traps  are  mainly  surface  lava  flows  or  sheets,  like  those 
that  fill  the  Snake  Kiver  Valley  in  the  west,  and  cap  so  many 
mesas,  and  line  the  flasks  of  volcanoes  like  Vesuvius,  Etna  and 
Kilaiiea. 

The  top  of  each  flow  is  naturally  more  likely  to  be  open  in 
texture,  full  of  bubbles,  and  thus  more  porous  and  easily  crushed. 
Such  tops  are  known  as  amygdaloids,  and  they  are  sought  by  the 
explorer,  for  in  the  filling  of  their  pores  the  copper  may  be  con- 
centrated. A  real  amygdaloid  top  to  an  independent  lava  flow 
is  likely  to  be  fairly  persistent  and  has  numerous  round  walled 
cavities  often  filled  with  some  white  mineral.  Its  top  is  commonly 
pretty  well  marked  while  its  base  fades  out  gradually  into  the  un- 
derlying not  bubbly  compact  part  of  the  flow  which  is  distinguished 
as  ''trap." 

But  just  as  modern  lavas  or  streams  of  slag  are  liable  to  gush 
over  and  envelope  cooled  crusts,  or  crystallize  and  leave  cavities 
like  those  lined  with  melilite  crystals  in  the  pots  of  slag  from 
the  copper  cupola  furnaces,  so  was  it  with  these  old  lavas.  Amyg- 
daloidal  streaks  often  run  down  into  the  trap,  and  amygdaloid 
spots,  bombs,  or  inclusions,  characteristic  iinder  the  Wolverine 
sandstone,  are  often  found  in  the  solid  trap,  and  coarsely  and 
openly  crystallized  "doleritic"*  streaks  are  also  found  especially 
in  very  thick  floAvs,  and  between  the  crystals,  calcite,  etc.,  may 
form  giving  these  streaks  also  a  spotted  and  amygdaloidal  ap- 
pearance. 

The  trap  under  the  amygdaloid,  the  foot  wall  trap,  is  liable  to 
be  relatively  lighter  and  more  feldspathic,  feldspar  being  the 
lighter  mineral.  The  feldspar  is  generally  oligoclase  or  labrador- 
ite,  and  appears  as  rice-like  grains  if  the  rock  is  coarse  enough. 
The  darker  interstitial  matter  is  mainly  augite  or  its  alteration 
product,  chlorite.  The  olivine  is  easiest  recognized  when  it  is 
more  or  less  changed  to  a  reddish  micaceous  mineral.  The  mag- 
netite is  not  conspicuous  in  the  hand  specimen,  but  is  easily  at- 


-^Vol.  VI.,  Tart  I.,  PI.  6,  Fig.  3  and  p.  167.  I  think  the  feldspar  crystallizes  better 
in  the  presence  of  .steam,  and  that  these  doleritic  streaks  are  where  tlie  lava  had 
moiv    water   vapor. 
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tracted  from  the  powder  bv  a  magnet.     The  hanging  wall  trap  is 
generally  darker  and  more  augitic. 

If  the  rock  is  very  feldspathic  and  the  feldspar  is  oligoclase 
-there  is  a  strong  tendency  for  the  feldspar  to  crystallize  out  early, 
either  in  sharp  crystals  or  in  groups  of  crystals  which,  where 
somewhat  decomposed,  are  quite  easily  mistaken,  especially  in  the 
uncertain  light  of  the  mine,  for  the  white  filled  amygdules.  Such 
traps  are  particularly  conspicuous  above  the  ''Greenstone"  at  about 
the  horizon  of  the  Ashbed. 

At  other  times  as  we  have  said  large  crystals  of  labradorite 
feldspar  are  characteristic  of  a  flow.  This  is  true  of  the  big  trap 
whose  amygdaloid  top  is  the  Kearsarge  amygdaloid.  When  the 
flows  are  very  feldspathic  or  siliceous  the  grain  tends  to  be  fine, 
the  fracture  conchoidal.  the  ring  clear.  When  the  flows  are  very 
augitic  the  feldspar  laths  are  imbedded  in  the  augite  and  the  ol- 
ivine and  magnetite  are  crowded  between  the  augite  patches. 
These  augite  grains  increase  in  size  from  the  base  of  the  flow  to- 
ward the  center.  The  increase  is  not  absolutely  regular  and  de- 
pends on  the  composition  and  other  circumstances  as  well,  but  very 
commonly  the  diameter  is  2  to  3  ten-thousandths  of  the  distance 
from  the  margin.^  These  rocks  Pumpelly  very  graphically  called 
luster  mottled  melaphyres.  since  a  freshly  broken  piece  held  in  the 
light  shows  lustrous  mottlings  here  and  there  from  the  cleavage 
faces  of  the  augite,  which  appear  as  patches  interrupted  by  the 
enclosed  feldspar.  The  fracture  of  such  rocks  is  rough  and  hackly 
or  bubbly,  not  smooth  and  conchoidal  like  porcelain  or  glass. 

On  a  weather  beaten  surface  the  augite  centers  seem  more  re- 
sistant than  the  interstices  which  give  the  pock-marked  appear- 
ance that  caused  the  rock  to  be  called  in  Foster  and  ^^Tiitney's 
time.  Varioloid  greenstone.''  This  occurs  in  various  beds,  but  shows 
up  beautifully  in  the  great  ridge  locally  known  as  the  ''Green- 
stone" on  Isle  Eoyale  (Plate  I),'^  at  Monument  Rock,  and  else- 
where, and  on  the  crest  of  the  ridge  that  rises  above  the  Cliff, 
Phoenix,  Central  and  other  old  mines  of  Keweenaw  Point.  I  owe 
to  Mr.  W.  J.  Penhallegon  a  number  of  good  views.  (Plate  IT.) 
This  rock  may  finally  break  down  to  a  coarse  gravel,  the  size  of 
the  particles  of  which  is  determined  by  the  fact  that  many  of  the 
fraginents  are  single  augite  crystals  or  a  good  part  of  them. 

The  same  structure  ronies  out.  though  ven-  faintly,  in  color  pat 
terns,  even  on  rather  fresh  specimens,  in  faint  shades  of  purplish 

^Two  to  three  mm.  in  10  meters  or  yards,  or  at  the  rate  of  1  inch  diameter  between 
250  and  400  feet  from  the  margin. 

9House   Ex.   Doc.   No.    69,   31st   Congress,   1st   Session,   1850,   p.   64. 
'PI.  VII,  of  Vol.  VI,   Pt.  1,  see  also  PI.  VIII. 
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brown  and  green.  With  a  little  more  weathering,  the  same  struc- 
ture may  be  brought  out  in  shades  of  jellow  and  broAvn,  especially 
on  the  smooth  "joint"  planes  by  which  the  rock  is  often  riven. 
On  smooth,  but  not  polished,  surfaces  such  as  beach  i)ebbles  or 
diamond  drill  cores,  the  pattern  is  brought  out  better  than  on 
polished  surfaces.  The  structure  is  of  course  obvious  in  thin  sec- 
tions. Many  of  these  patterns  resemble  the  mottling  of  a  reptile's 
(ophidian's)  back,  as  shown  by  Plate  IV,  and  for  this  reason  many 
French  writers  have  called  this  texture  ophitic  and  rocks  which 
exhibit  it,  oi)hites,  a  term  which  I  have  adopted  for  our  luster 
mottled  melaphyre. 

In  intrusives  the  gases  do  not  escape  and  the  crystal- 
lization of  the  feldspar  is  promoted  and  the  termination  thereof 
delayed,  so  that  it  is  much  coarser  relative  to  the  augite  and  at 
the  same  time  less  sharply  embedded  in  an  augite  matrix.  In  ad- 
dition to  the  lavas  are  sediments  which  are  derived  from  them. 
On  Keweenaw  Point  there  is  almost  no  material  that  may  not  be 
derived  from  the  series  itself,  and  much  of  it  is,  as  Marvine  has 
pointed  out,  extremely  local.  But  the  Keweenawan  conglomerates 
contain  many  pebbles  of  Pre-Cambrian  granites  and  greenstones, 
and  the  Keweenawan  north  of  the  Gogebic  range  also  contains  peb- 
bles of  the  iron  bearing  formations  to  the  south. 

The  sediments  are  generally  red,  maroon  or  purple  and  they 
vary  from  very  coarse  conglomerates  with  huge  pebbles  many 
inches  in  diameter  to  fine  red  mudstones.  These  latter  often  show 
beautiful  sand  ripples  and  mud  cracks,  and  sometimes  have  curi- 
ous markings  suggestive  of  soft  worm  tracks  (See  Plate  V). 

The  shales  and  fine  grained  rocks  are  rarely  black.  The  most 
conspicuous  case  of  this  is  the  Nonesuch  shale  horizon  which  will 
be  described  later.  But  a  few  other  cases  occur,  for  instance,  a 
bed  in  the  Rockland  district  (21,  Adventure  section,  chapter  5,  §  25). 
Such  black  shales,  however^  seem  not  to  be  bituminous,  but  to  owe 
their  black  color  to  the  fact  that  they  are  made  up  so  largely  of  dark 
particles  of  the  trap-like  seri)entine.  This  is  shown  in  an  analysis 
by  Dr.  Gysander  of  the  Cochrane  Chemical  Co.,  made  with  extra 
care  for  us.  (See  table  of  analyses.  Chapter  II,  §  16.)  It  will  be  seen 
that  there  is  practically  no  chance  for  carbon,  but  -that  the  black 
color  is  due  to  a  composition  which  may  be  accounted  for  by  the  ad- 
dition of  ground-up  trap  from  which  the  lime  has  been  abstracted. 
It  is  practically  a  black  sand  like  those  along  Lake  Superior.  The 
presence  of  palladium,  a  rare  and  valuable  mineral  of  the  platinum, 
group,  such  as  are  found  in  the  Oregon  black  sands,  is  yevy  sugges- 
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tive.  The  sample  was  taken  from  a  drill  core  as  far  as  possible 
from  any  known  vein  or  lode  though  to  be  sure  in  the  course  of 
drilling-  up  the  Nonesuch.  A  corresponding  variety  occurs  among 
the  conglomerates,  those  that  I  am  now  calling  amygdaloid  con- 
glomerates because  they  have  many  amygdaloid  pebbles  in  them. 
I  have  also  called  them  scoriuceous  oonglomerates,  but  the  former 
name  reminds  one  of  the  fact  that  they  look  a  good  deal  like  amyg- 
daloid and  at  the  base  run  into  scoriaceous  amygdaloid.  They  have 
been  called  ashbcds.  But  the  real  volcanic  ashbeds.  like  the  Mes- 
nard  "epidote,"*  are  puzzling  fine  grained  beds.  Clinker  heds  would 
be  a  better  term  for  these  rocks.  Moreover,  in  genuine  volcanic 
bombs  and  scoria  there  is  a  variation  in  texture  from  the  margin 
to  the  center.  This  is  sometimes  the  case  in  these  conglomerates 
but  not  always.  We  need  a  term  to  include  all  those  beds  which 
are  characterized  by  a  red  shaly  cement,  matrix  or  base  in  which 
are  pebbles  of  the  traps.  The  red  sandy  and  shaly  matter  also 
works  into  the  loose  clinkery  top  of  the  lava  and  makes  scoria- 
ceous amygdaloid,  and  it  is  often  impossible  to  tell  where  the  base 
of  one  of  these  amygdaloid  conglomerates  is,  especially  in  drill 
cores.  In  fact  this  red  shaly  or  sandy  sediment  may  work  far  down 
into  the  old  lava  beds  or  traps,  following  the  cracks  that  formed 
as  it  cooled,  and  to  such  little  red  sediment-like  veins  I  have  ap- 
plied Wadsworth's  name  of  clasoUte.^  Clasolites  are  generally  red 
or  gray  or  epidote  yellow-green,  and  to  all  intents  and  purposes 
the  same  as  the  matrix  or  filling  in  the  amygdaloid  conglomerates. 
Such  shales  may  also  be  caught  up  by  the  lava  in  its  flow. 

A  conglomerate  may  change  from  a  conglomerate  of  red  felsite 
pebbles  to  an  amygdaloid  conglomerate  in  a  very  short  distance. 
The  Calumet  and  Hecla  conglomerate,  only  a  few  miles  south  of 
the  Franklin  Junior,  as  Hubbard  showed,  and  even  nearer,  is  an 
amygdaloid  conglomerate.  One  feature  of  all  of  the  conglomerates, 
especially  the  smaller  and  lower  beds  is  worthy  of  attention.  Not 
only  is  the  material  largely  derived  locally  from  the  formation  it- 
self, but  it  is  only  slightly  rounded.  This  is  notably  the  case  in  the 
Calumet  and  Hecla  conglomerate  itself  w^hich  has  accordingly  been 
described  as  a  hrcccio, — a  term  which  it  is  convenient  to  reserve 
rather  for  angular  aggregates  made  by  the  breaking  up  of  the 
beds  by  disturbances. 

This  angular  character  of  the  pebbles  is  naturally  to  be  ac- 
counted for  by  the  fact  that  they  seem  in  many  cases  to  have  been 

^Which    do   occur,    through    Irving   did    not    happen    to   strike  one    (U.    S.    Geological 
Survey   Monog.    V.   p.    32).      They   are    not   thick   or   conspicuous  so   far   as   I   know. 
^Which  may   be   briefly   defined   as   clastic   vein. 
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transported  only  a  sliort  distance.  For  instance,  the  quartz 
porphyry  pebbles  of  Calumet  seem  to  have  come  from  a  quartz 
porphyry  only  three  miles  away.  Such  facts  would  be  explained 
naturally  by  supposing  that  the  conglomerates  are  land 
formations,  and  in  fact  red  colors  are  supposed  to  be 
often  a  characteristic  (of  land  formations.  A  deposit  of 
red  desert  sand,  wind  blown  or  washed  in  by  occasional 
floods,  would  be  altogether  natural  on  the  tops  of  old  clinkery  lava 
flows,  and  it  is  easy  to  see  how  such  amygdaloid  conglomerates 
would  form..  In  many  of  these  amygdaloid  conglomerates,  there 
is  a  sharp  break  in  character  between  the  verv'  fine  sandy  matrix 
(which  looks  much  like  the  dust  and  sand  I  collected  on  mesas  out 
west),  and  the  pebbles  or  scoria  which  on  the  whole  can  be  easiest 
explained  in  some  such  way. 

Another  fact  that  would  suggest  that  some  of  these  conglom- 
erates were  formed  on  a  land  surface  rather  than  as  marine  de- 
posits is  the  fact  that  thin  beds  are  found  to  be  persistent  above 
and  below  lava  beds  that  vary  enormously  in  thickness.  An  illus- 
tration of  this  is  the  two  conglomerates  (Marvine's  15  and  16), 
one  just  below  the  other,  not  far  above  the  ^'Greenstone,"  which 
thickens  from  less  than  a  hundred  feet  near  Portage  Lake  to 
probably  over  a  thousand  out  on  Keweenaw  Point.  The  distance 
between  the  two  conglomerates,  15  and  16,  each  of  which  is  sup- 
posed to  be  continuous,  increases  in  the  same  way.  The  most  nat- 
ural explanation  supposes  that  the  two  conglomerates  were  old 
land  surface  formations,  though  this  is  not  the  only  explanation. 
That  the  felsites  should  weather  into  a  mass  of  angular  frag- 
ments, a  cross  between  a  conglomerate  and  a  breccia,  is  entirely  in 
accordance  with  their  usual  habit  of  weathering. 

The  writer  is  therefore  now  inclined  to  consider  the  Keweenawan 
as  more  largely  a  land  surface  formation  than  he  did  in  writing 
his  paper  on  Mine  Waters  for  the  Lake  Superior  Mining  Institute 
in  1908.  In  this  his  views  have  been  modified  by  discussion  with 
Huntington,  Barrell  and  Leith.  quite  as  much  as  by  his  own  widen- 
ing experience.  This  does  not  by  any  means  imply  that  many  of 
the  conglomerate**  were  not  laid  down  in  standing  water  and  others 
by  running  water,  for  they  certainly  were,  but  that  one  must  be 
very  cautious  in  assuming  that  they  were  laid  down  in  sea  water, 
though  they  may  have  been  laid  down  in  lakes." 

i»See  Fenner's  discussion  of  the  New  Jersey  Traps,  Joiirn.  of  Geol.  XV,  No.  4, 
(1908)    p.  299. 
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§  7.      GENERAL   SUCCESSION    OP   KEWEENAWAN    ROCKS. 

(1.)  Lowest  rods.  Bohemian  Range  Group.  When  work  was 
begun  on  the  Bhick  River  cross-  section  northward  from  near  Bes- 
semer on  the  Gogebic  range,  the  writer  expected  that  the  traps 
of  the  South  Copper  range,  Avhich  extend  from  the  south  end  of 
Lake  Gogebic  to  this  place,  would  prove  to  be  a  repetition  of  some 
part  of  the  main  range  coming  down  from  Keweenaw  Point  and 
lying  north  of  the  Duluth,  South  Shore  and  Atlantic  R.  R..^^ 
This  cannot  be  made  out. 

The  traps  from  Bessemer  to  North  Bessemer  appear  to  be  older 
than  any  beds  exposed  nortli.  While  there  are  many  flows  of  or- 
dinary character,  there  are  also  beds  with  very  conspicuous  por- 
phyritic  feldspar,  something  like  those  below  the  Kearsarge  lode, 
but  more  slender.  The  trap  itself  is  peculiarly  blue-black  and 
fine.  Quartz  and  agate  amygdules,  sometimes  of  good  size,  are 
common.  Elongate,  so-called  pipe,  amygdules  also  occur.  Intru- 
sive diabase  dikes,  pear  the  Bessemer  poor-  farm  an  intru- 
sive tong^ie  of  coarse  gabbro,  and  near  the  top  of  the  series  a 
genuine  feldspar  porphyry  capped  by  an  angular  conglomerate 
of  felsitic  breccia  combine  to  give  this  part  of  the  series  a  peculiar 
type.  To  be  sure,  high  up  in  the  series  the  Chippewa  felsite  and 
associated  rocks  of  the  Porcupine  mountains  have  certain  points 
of  resemblance  to  these,  but  there  are  a  number  of  dissimilarities 
such  that  I  can  not  take  them  to  be  the  same. 

A  somewhat  similar  series  of  beds  also  forming  the  base  of  the 
visible  series  has  been  carefully  described  by  Dr.  Hubbard  from 
the  Bare  Hills  and  the  mouth  of  the  Montreal  river  and  the  south 
slopes  of  Mt.  Houghton  and  Mt.  Bohemia.  The  uppermost  layer  is 
what  Hubbard  calls  the  Mt.  Bohemia  conglomerate,  and  up  to  this 
horizon  occur  effusive  and  intrusive  felsites.  The  Mt.  Bohemia 
gabbro  cuts  nearly  up  to  this  horizon,  and  may  be  younger.  We 
may  call  this  the  Bohemian  Range  group.  North  of  Bessemer  the 
thickness  seems  to  be  9,500  feet,  but  there  are  probably  not  over 
500  feet  of  sediment. 

The  presence  of  this  group  between  Calumet  and  Portage  Lake 
and  farther  south  along  the  range  has  been  an  uncertain  question. 
Hubbard  made  out  a  sti^ong  case  for  the  identity  of  the  Bohemia 
conglomerate  and  the  so-called  St.  Louis  conglomerate  on  Section 
30,  T.  56  N.,  R.  32  W.,  and  Section  35,  T.  57  N.,  R.  32  W.,  but  that 
was  as  far  as  we  have  dared  carry  it  with  any  assurance.  The 
Torch  Lake  section  given  latei-  has  convinced  me  that  the  general 
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horizon  of  the  Bohemia  conglomerate  is  that  of  Marvine's  Con- 
glomerate S,  exposed  just  back  of  the  Arcadian,  and  Isle  Koyale 
workings.^- 

Conglomerate  8,  the  top  of  this  group,  we  assume,  passes  a  few 
hundred  feet  below  the  Arcadian,  Isle  Royale  and  Winona  lodes, 
which  appear  to  be  practically  identical  and  may  be  the  same  as 
the  first  conglomerate  south  of  the  bluffs  at  the  Lake,  Mass,  and 
Adventure  bluffs  (not  the  Minnesota  then).  The  2,500  feet  of  beds 
between  it  and  the  Baltic  conglomerate  near  Portage  Lake  con- 
tain not  less  than  four  well-marked  red  conglomerates,  while  the 
traps  toward  the  base  are  good  heavy  beds  (ophites)  100,  and  in 
the  case  of  the  Mabb  ophite  over  200,  feet  thick,  with  clinkery 
amygdaloid  tops,  very  hard  to  distinguish  from  amygdaloid  con- 
glomerates, especially  if  at  all  disturbed.  Marvine  in  Volume  I 
of  these  reports  numbered  the  conglomerates  around  Portage  Lake. 
The  four  conglomerates  just  mentioned  are  his  8  to  5.  For  further 
details  see  especially  Sections  5,  14  and  16  of  Chapter  V. 

(2.)  Central  (Mine)  Group.  This  group  is  as  well  exposed  in 
the  Central  mine  as  anywhere  else  and  in  the  diamond  drill  sec- 
tion thence  south,  (q.  v.).  The  Clark,  Empire,  Mandan,  Manitou, 
Central,  Phoenix,  Cliff,  Calumet  and  Hecla,  Torch  Lake,  La  Salle, 
Franklin  Junior,  Arcadian,  Isle  Royale  Consolidated,  and  Winona 
sections  (q.  v.)  all  develop  this  series.  The  various  exposures  in 
Houghton  village  from  the  College  of  Mines  to  HurontowTi  creek 
beyond  the  Copper  Range  station,  show  the  beds.  This  is  a  new 
name  I  have  introduced,  naming  it  after  the  Central  mine,  with 
the  thought  also  in  mind  that  it  really  covers  physically  the  cen- 
ter and  backbone  of  the  Keweenaw  Ranges.  I  placed  the  lower 
limit  at  the  top  of  the  Bohemia  conglomerate,  and  the  upper  limit 
at  the  St.  Mary's  "epidote,"  a  small  genuine  volcanic  ashbed  which 
often  looks  jaspery  and  occurs  just  above  the  Greenstones. 

Thus  limited  this  group  is  characterized  by  few  and  thin  con- 
glomerates,^^ but  numerous,  and  at  times  very  thick,  lava  flows 
of  uniform  composition,  on  Ihe  Avhole  not  far  from  that  of  the 
standard  ophite. 

i-The  arguments  will  be  given  later.  Briefly,  the  strong  group  of  Conglomerates 
8  to  5  are  not  represented  between  a  narrow  felsitic  band  which  almost  surely  repre- 
sents the  St.  Louis  conglomerate  and  Mount  Houghton  felsite  horizon,  and  the  dips 
of  the  Torch  Lake  and  Douglass  Houghton  section  are  flat  enough  to  swing  these 
conglomerates  into  line.  In  that  case  the  Isle  Royale  Consolidated  section  would 
show  (721 -f  1753)  (2473)  feet  of  this  group  at  Houghton  down  to  tlie  Baltic  con- 
glomerate and  including  the  Baltic  lode,  the  base  of  the  series  not  being  reached. 
Unless  there  is  repetition  by  faulting  the  workings  of  the  Lake  and  North  Lake 
and   similar  developments   would   also  be   in  this  group. 

"5.65%  of  8.500  feet  at  the  Arcadian,  6.G5%  of  G,247  feet  on  Isle  Royale  (400  to 
500  feet  of  sediment). 
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On  Black  River  the  thickness  of  the  group  is  possbly  25,000  feet, 
at  Portage  Lake  (90  +  2835  +  3015—27)  5913  feet,  out  on  the  Point 
about  7,000  feet,  on  Isle  Royale  (6115—2045)  4070  feet. 

Of  Marvine's  numbered  conglomerates,  15  to  9  occur  in  the  Cen- 
tral mine  group. 

The  Allouez  or  Albany  and  Boston  conglomerate  just  under  the 
Greenstone  is  15,  and  is  not  far  above  the  Medora  lode. 

The  Houghton  is  often  a  triple  amygdaloid  conglomerate  and 
is  No.  14.     The  so-called  Montreal  lode  is  near  it. 
The  Calumet  conglomerate  is  the  lucky  13. 

The  Kearsarge  conglomerate  is  a  heavy  conglomerate  around  Cal- 
umet and  appears  to  cover  Marvine's  12,  11  and  10,  but  seems  to 
split  back  of  Houghton. 

The  Wolverine  sandstone  is  generally,  but  not  always,  a  deep 
red  sandstone  and  is  No.  9.  It  is  only  a  short  distance  below  the 
Kearsarge  lode,  separated  from  it  by  a  trap  bed  showing  large 
porphyritic  feldspars,  and  a  long  way  above  the  Isle  Royale  lode. 
For  details  of  distances  between  these  beds  reference  must  be 
made  to  the  detailed   sections  and  correlation   tables. 

The  culmination  of  volcanic  activity  is  in  this  group.  The  thick- 
est individual  flow  is  probably  the  Greenstone  which  in  the  Man- 
itou  section  is  1130  feet  thick,  but  for  a  continuous  succession  of 
flows  with  no  important  sediment  the  three  thousand  foot  interval 
between  Conglomerate  9  and  the  bottom  seems  to  hold  the  record. 
The  general  course  of  this  group  and  its  conglomerates  is  made 
eaf^ier  to  grasp  by  Figure  8.    This  is  an  outline  of  Plate  VIII. 

(3.)  Ashled  Ch-oup.  This  group  was  named  from  the  Ashbed 
mine  and  old  mine  which  has  not  been  worked  since  1900,  whose 
property  covers  a  strip  from  the  Lake  Shore  to  the  center  of  Sec- 
tion 23  T  58  N.,  R.  31  W.  The  mine  itself  was  so  named  pre- 
sumably from  an 'intention  to  exploit  one  of  the  amygdaloid  con- 
glomerates known  by  the  miners  as  the  Ashbed  (Marvine's  No.  17). 
It  includes  Conglomerates  16  to  18,  and  is  characterized  by  lavas 
which  contain  more  soda  than  the  regular  ophites  and  which  are 
relativelv  feldspathic  and  fine  grained. 

The  feldspars  in  these  lavas  appear  white  or  green  on  a  green 
or  reddish  ground,  and  are  often  clotted  together  (glomeroporphy- 
ric)  As  we  go  toward  the  Porcupine  mountains  a  genuine  red  fel- 
site  appears  in  a  thin  horizon  bet^veen  Winona  and  Rockland.  1 
think  it  extends  uninterruptedly  to  beyond  the  Black  River  sec- 
tion and  forms  the  main  mass  of  the  Porcupine  mountains.  This 
region  seems  to  have  been  the  center  of  its  dispersal.     Intinisive 
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felsites  are  found  iu  the  Porcupines  and  between  them  and  Lake  Go- 
gebic. The  Tamarack  shafts  are  sunk  in  this  group.  It  is  2400 
feet  thick  there,  but  on  Isle  Royale  (2045—806)  only  1239  feet 
thick. 

I  am  tempted  to  regard  the  Mesnard  epidote,  which  is  a  volcanic 
ash,  as  a  correlate  to  this  felsite.  At  any  rate,  associated  with 
it  are  some  conspicuous  porphyritic  beds  of  darker  color,  which 
may  represent  the  other  beds  of  the  Ashbed  group.  If  one  con- 
siders that  this  horizon  can  be  fairly  well  followed  throughout 
Michigan,  even  across  Lake  Superior  to  Isle  Royale,  one  is  justi- 
fied in  expecting  it  elsewhere,  for  instance,  in  the  Temperance  River 
group  of  Minnesota. 

(4.)  Eagle  River  Group.  This  group  is  characterized  by  waning 
volcanic  activity.  It  contains  numerous  sandstones  and  couglom- 
erates,  and  on  the  whole  they  are  more  rounded  in  this  group 
than  in  others.  The  individual  lava  flows  are  generally  not  thick 
nor  coarse  grained. 

In  this  2300  feet  Marvine  estimates  860  feet  of  sediment. 
Around  Calumet  1700  feet  may  be  assigned  to  it  and  on  the  Black 
River  north  of  Bessemer  1417  feet. 

Tamarack  shaft  No.  5  reaches  downward  to  a  point  a  little  above 
the  top  of  the  Ashbed  group,  while  shaft  No.  2  starts  at  a  point 
nearly  down  to  the  Kearsarge  amydaloid  giving  a  section  from 
3640  feet  above  the  Calumet  and  Hecla  to  1420  feet  below  (5060 
feet),  as  illustrated  by  Figure  9.  See  also  the  cross-sections  in  Vol- 
ume V,  Part  1,  and  elsewhere  given  in  this  report.  (Figs.  36 
and  37.) 

The  conglomerates  which  occur  around  Copper  Harbor  were 
treated  and  mapped  together  by  Douglass  Houghton  who  consid- 
ered the  intervening  Lake  Shore  Traps  to  be  intrusive  dikes.  When 
these  were  found  to  be  continuous  interbedded  flows  the  conglom- 
erate above  the  traps  was  called  the  Outer  conglomerate,  the  one 
below,  the  Great  conglomerate.  Hubbard  showed  that  there  is  at 
least  one  conglomerate  separated  fnom  the  Outer  by  trap  above  it 
and  from  the  Great  conglomerate  by  trap  below.  This  he  called 
the  Middle  conglomerate.  But  we. do  not  know  that  these  traps 
which  break  up  the  mass  of  conglomerate  and  represent  the  last 
phase  of  volcanic  activity  in  the  Lake  Superior  region  are  every- 
where persistent,— in  fact  north  of  Calumet  they  almost  disap- 
pear and  they  have  not  been  found  in  the  vicinity  of  Houghton.  So 
there  seems  to  be  a  real  need  for  a  name  for  the  grouji  as  a  whole 
and  after  consultation  with  a  number  of  fellow  workers  "Copper 
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Harbor  conglomerates"  seems  to  be  best.  When  tliey  are  sepa- 
rated by  the  Lake  Shore  traps  into  two  or  three  parts  one  can 
still  apply  the  adjectives  Great,  Middle  and  Outer,  and  indeed 
need  not  always  give  them  the  full  title.  For  "Great  Copper  Har- 
bor conglomerate"  or  "Middle  Copper  Harbor  conglomerate,"  one 
may  still  say  "Great  conglomerate"  or  "Middle  conglomerate" 
when  the  meaning  is  clear. 

The  disadvantage  in  thus  grouping  the  conglomerates  is  that 
Irving  made  the  line  between  Upper  and  Lower  Keweenaw  at  the 
highest  and  youngest  known"  igneous  rocks,  the  top  of  the  Lake 
Shore  Traps.  Thus  the  Outer  Copper  Harbor  conglomerate  is  the 
base  of  the  Upper  Keweenawan. 

(5.)  Tlie  Great  Copper  Harbor  Conglomerate  is  a  coarse 
heavy  conglomerate  at  base,  with  large  generally  w^ell  rounded 
pebbles  of  great  variety,  mainly  Keweenawan.  Its  thick- 
ness, not  allowing  for  initial  dips,  varies  from  1800  tO'  2200  feet  at 
Eagle  River  and  Calumet  to  possibly  340  feet  (?)  on  Black  river, 
but  apparently  it  is  much  thicker  in  the  Porcupines. 

The  top  of  this  group  under  the  Lake  Shore  trap  in  the  Porcu- 
pine mountains  is  a  hardened  red  mud  which  is  highly  charged  with 
epidote  and  calcite  and  occasionally  with  copper.  Throughout  the 
formation  there  are,  above  the  base,  alternating  streaks  of  more 
or  less  coarse  red  sandstone  and  mud  rock  (red  shale)  and  true 
conglomerate.     Conglomerate  is  generally  the  most  conspicuous. 

(6.)  TJie  Lake  Shore  traps  are  a  series  of  flows,  none  very  thick, 
the  total  thickness  varying  from  1800  feet  at  the  end  of  Keweenaw 
Point  to  900  feet  at  Calumet  and  400  feet  on  Black  river.  They 
are  apparently  absent  around  Portage  Lake.^"  They  represent  the 
last  volcanic  outbreak  in  the  Lake  Superior  region.  The  Lake 
Shore  traps  are  melaphyres  without  any  very  distinguishing  trait. 
The  amygdules  are  generally  rather  coarse. 

(7.)  In  the  Outer  Copper  harbor  conglomerate  on  Black  river 
may  be  found  pebbles  representing  all  the  Lower  Keweenawan  types 
including  intinisives,  amygdules  and  agates,  and  also  Huronian 
iron  bearing  jaspilites  and  other  rocks.  A  thickness  of  only  1000 
feet  is  given  for  the  Outer  conglomerate  on  Keweenaw  Point.  Gor- 
don makes  the  thickness  5000  feet  on  Black  river,  Irving  3000  feet 
in  the  Porcupines. 

The  upper  quarter  is  largely  sandstone,  the  lower  quarter  largely 
conglomerate.    The  Nonesuch  lode  is  really  in  this  formation  just 

'•vFhe  one  occurrence,   reported  by-  Irving,  of  a  dike  cutting  the  Upper  Keweenawan 
near   Lone    Rock    north   of   the    Porenplnos,    proves    not    to   be   such. 
i^See  Chapter  V  for  discussion  of  relation  to  Middle  conglomerate. 
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under  the  Nonesucli  shale,  being  a  rather  striking  conglomerate, 
the  general  body  a  coarse  greenish  sandstone  or  fine  conglomerate 
in  which  are  bright  brick  red  pieces  of  red  rock  (gabbro  aplite). 
The  analysis  of  the  Point  Houghton  sandstone  would  probably 
fairly  represent  its  composition. 

The  presence  in  these  Copper  Harbor  Conglomerates  of  numer- 
ous pebbles  which,  if  correctly  identified,  are  of  rocks  intruded 
into  the  Keweenawan  at  some  depth,  and  of  agates,  etc.,  formed 
in  them  tends  to  show  that  the  earlier  part  of  the  series  must 
have  been  considerably  eroded,  being  either  uplifted  or  forming 
from  the  very  first  a  land  formation  exposed  to  erosion.  As  ero- 
sion continued  the  knobs  of  felsite,  the  harder  quartzose  red  rocks, 
seem  to  have  been  worn  down  the  material  becoming  finer  with 
more  of  the  dark  basic  lavas  in  the  sediment. 

(8.)  Nonesucli  Shulcs.  The  Nonesuch  shales  are  quite  uniform 
and  pereistent  in  thickness,  appearance  and  distribution.  Their 
thickness  is  350-400  feet  on  the  Montreal,  500  feet  at  Black  river, 
600  feet  in  the  Porcupines,  and  somewhat  the  same  near  Rockland. 
Thence  north  their  occurrence  is  not  so  well  knowji,  but  they  ap- 
pear to  pass  Portage  Lake  on  the  powder  company's  lands.  Sec- 
tion 28,  T.  55  N.,  R.  34  W. 

The  shales  are  black,  fine  grained,  micaceous,  sometimes  green- 
ish, and  grade  into  greenish  flags  or  grits  and  sandstones.  Some 
of  the  sandstones  have  bands  of  iron  ores  which  completely  cover 
the  cleavage  faces.  The  black  color  is,  therefore,  due  to  iron  and 
chlorite  and  not  to  organic  matter  as  the  analysis  proves.  It  has 
no  more  iron  than  the  red  sandstones,  but  the  iron  is  combined 
with  alumina,  magnesia  and  silica,  into  green  minerals  like  those 
which  occur  in  the  altered  conglomerates  and  amygdaloids.  The 
Nonesuch  must  have  been  formed  under  such  conditions  that  the 
iron  oxides  did  not  readil}-  rust  and  oxidize.  It  preserves,  beau- 
tifully, ripi3le  marks  and  mud  cracks,  and  seems  also  to  contain 
traces  of  crawling  animals  or  sea  weed.     (PL  V.) 

(9.)  Freda  Sandstones.  Above  the  darker  shales  and  grits  of 
the  Nonesuch,  red  beds  appear  again, — generally  a  red,  impure 
sandstone,  sometimes  conglomeratic  and  sometimes  red  shale,  in 
general  much  like  the  Outer  and  Great  conglomerate,  except  that 
the  conglomerate  becomes  less  and  less  abundant.  The  higher 
beds  were  well  exposed  near  the  new  stamp  mills  at  Freda  and  all 
along  the  adjacent  shore.  A  drilled  well  at  Freda  showed  a  thick- 
ness of  not  less  than  900  feet.  They  can  not  be  less  than  1000 
feet   thick    IJiei-e   though   the  dip    is   much   flatter   than   the  beds 
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above,  more  like  10  degrees  to  30  degrees  from  4000  feet  to  12,,000. 
Irving  estimated  12,000  feet  of  thickness  in  the  Montreal  section.  I 
strongly  suspect  a  repetition  by  faulting  there,  but  even  if  this  is 
so  there  can  be  hardly  less  than  4000  feet. 

The  relation  of  these  sandstones  to  the  Jacobsville  sandstone, 
and  the  Apostle  Islands  sandstones,  which  all  agree  to  be  Cam- 
brian, is  a  moot  point.  I  believe  that  the  Freda  sandstone  correl- 
ates with  the  beds  of  Clinton  Point,  which  Irving  grouped  with 
the  Cambrian.  A  full  discussion  of  the  grounds  for  and  against 
the  Cambrian  age  of  the  Keweenawan  must  needs  be  technical,  but 
the  writer  is  inclined  to  class  the  Keweenawan  as  Cambrian,  and 
this  much  at  least  of  the  argument  anyone  can  appreciate,  that 
between  the  formation  of  the  Freda  sandstones  and  that  of  the 
Upper  Cambrian  sandstones,  which  are  similar  to  them,  nothing 
is  positively  known  to  have  happened, — no  igneous  activity  for 
instance.* 

§8.      SOURCE    OF    THE    COPPER. 

Much  thought  has  been  spent  upon  the  question  of  the  source 
and  distribution  of  the  copper.  After.  Pumpelly's  masterly  work 
ou  the  copper  bearing  lodes,^'^  and  the  summaries  given  by  Irving 
and  Wadsworth  especially,  little  needed  to  be  added  for  years. 
Additional  facts  have  been  accumulated,  however,  and  with  the 
growing  importance  of  the  western  deposits,  there  has  appeared 
a  tendency  to  apply  the  same  principles  that  have  been  used  in 
explaining  them  to  these  and  other  similar  deposits  of  native  cop- 
per and  ascribe  the  copper  to  solutions  rising  through  fissures  from 
beneath,  charging  the  formation  with  its  precious  content.  This 
view  has  been  especially  represented  by  Smyth  and  Yan  Hise. 
Those  connected  with  the  Michigan  Survey  have  never  accepted  this 
view  but  have  believed  that  the  copper  belonged  to  the  Kewee- 
nawan formation  itself,  and  had  been  segregated  therein  by  wan- 
dering waters,  which  have  been  generally  thought  of  as  working 
downward. 

This  whole  report  is  an  assemblage  of  facts  bearing  on  this  prob- 
lem.    A  few  points  may  be  grouped  here. 

1.  The  dissemination  of  copper  in  small  quantities  throughout 
the  formation.  The  average  from  several  thousand  feet  of  drilling 
at  the  Clark-Montreal  was  0.02  per  cent.  Hardly  a  single  amyg- 
daloid fails  to  carry  less  than  .02  per  cent  copper,  and  when  the 
copper  content  reaches  .50  per  cent  it  is  nearly  an  ore. 

*See  also  U.  S.  Geol.  Survey  Monograph  52,  pp.  413-419,  and  p.  379.  In  this 
isronograph  doubt  is  thrown  on  the  Cambrian  age  of  the  Apostle  Islands  sandstones, 
but   my  view   as  to  their  relation   to  the  Freda   is  accepted. 

""Volume  I   of  these  reports ;   Volume  III   of  the  Wisconsin   reports. 
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2.  The  occurrence  of  native  copper  in  similar  formations  of 
red  rock  associated  witli  salt  waters  and  lavas  elsewhere, — notably 
the  New  Jersey  Triassic,  in  the  Bolivian  Puca  sandstone,  in  Nova 
Scotia,  around  Oberstein  in  the  Nahe  melaphyre  region,  and  in 
Alaska. 

3.  The  general  absence  of  native  copper  outside  the  Kewee- 
naAvan,  in  the  Lake  Superior  region,  but — 

4.  Native  copper  has  been  found  in  iron  ores  (generally  thought 
to  be  formed  by  the  action  of  downward  working  waters)  in  a 
few  places.^' 

5.  The  water  in  the  formation   is  of  three  kinds: 

a.  At  and  near  the  surface,  soft  and  fresh  with  sodium  in  quan- 
tities more  than  sufficient  to  combine  with  the  chlorine. 

b.  At  some  distance  (generally  500  to  2,000  feet,  before  it  at- 
tracts attention,  unless  especially  sought),  the  chlorine  is  higher 
and  the  water  is  charged  with  common  salt.  The  line  between  the 
tAvo  classes  of  waters  is  often  quite  sharp. 

c.  At  great  depths  a  strong  solution  of  calcium  chloride  con- 
taining some  copper. 

6.  The  middle  water  (b)  often  contains  more  salt  than  it  could 
possibly  have  were  it  a  mixture  of  a  and  c. 

7.  The  lines  between  the  different  kinds  of  waters  are  not  reg- 
ular, yet  the  lowest  water  probably  always  comes  within  two  or 
three  thousand  feet. 

8.  The  amygdaloids  seem,  other  things  being  equal,  to  contain 
rather  stronger  (more  saline)  water  than  the  conglomerates. 

9.  An  unequally  heated  solution  corresponding  in  composition 
to  mine  water  (c)  will  precipitate  copper  on  the  same  minerals, 
prehnite,  datolite,  etc.,  on  which  it  occurs  in  the  mines,  as 
Fern  ekes  has  shown. 

10.  The  traps  contain  combustible  gases,  as  R.  T.  Chamberlin 
has  shown. 

11.  Certain  beds  are  abnormally  high  in  copper  for  many  miles. 

12.  Copper  often  replaces  chlorite,  and  in  the  Calumet  and 
Hecla  pebbles  chlorite  replaces  felsite,  and  the  copper  the  chlorite. 

13.  Copper  may  even  replace  vein  quartz. 

14.  Copper  is  formed  generally  after  those  minerals  which  are 
the  products  of  alteration  and  contain  lime,  and  before  those  sec- 
ondary minerals  which  are  the  products  of  alteration  and  contain 
soda  and  potash. 

15.  Therefore  at  the  time  the  copper  formed  the  mine  water 

"Report  for  1903,  p_  247. 
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might  have  lost  lime  but  could  not  have  lost  sodium.  The  rock 
might  have  lost  both. 

16.  The  Calumet  aud  Hecla  lode  averages  less  rich  (very  rich 
in  spots)  near  the  surface,  attains  its  greatest  richness  at  a  cer- 
tain depth,  say  about  2,000  feet,  and  then  gradually  decreases  in 
richness. 

17.  The  silver  occurs  more  abundantly  in  the  upper  levels. 
The  conclusion  to  which  these  facts  have  forced  me  is  that  the 

copper  was  in  the  Keweenawan  formation  as  a  whole,  before  being 
introduced  into  the  particular  places  where  we  find  it,  and  that  the 
deposits  have  gathered  together^^  by  migration  lof  the  particles 
known  as  ions  in  the  chloride  solution,  just  as  in  the  formation 
of  electrolytic  copper  in  an  electrolytic  bath  the  copper  goes  toward 
the  electro  negative  pole  and  the  more  electro  positive  or  alkaline 
parts  of  the  solution,  and  as  in  Fern  ekes'  experiments,  toward  the 
plotter  parts  of  the  solution.  That  the  copper  should  actually  be  pre- 
cipitated as  a  metal,  however,  depends  upon  a  delicate  adjustment 
of  the  composition  of  the  solution  in  which  the  affinities  of  iron  for 
oxygen  may  play  an  important  part.  For  the  copper  to  be  precip- 
itated the  solution  had  to  be  kept  neutral  or  alkaline  and  reducing 
in  the  part  where  the  precipitation  took  place.  And  in  the  accu- 
mulation of  copper  into  workable  deposits  not  merely  the  elec- 
trolytic migration  of  the  copper  in  the  solution  but  the  currents 
and  circulation  of  the  solution  of  the  water  in  the  rock  have  to 
be  considered.  In  producing  this  solution  and  guiding  its  circula- 
tion, the  following  factors  have  to  be  considered : 

(1.)     The  water  originally  contained  in  the  lava. 

(2.)  That  which  early  filled  it  whether  it  was  buried  on  land 
or  beneath  seas,  which  may  have  included  condensed  volcanic  va- 
pors containing  copper  chloride  as  in  Stromboli,  or  in  the  evapo- 
ration of  desert  pools. 

(3.)     The  absorption  of  water  in  the  hydration  of  the  rocks. 

(4.)  The  absorption  of  water  in  the  cooling  of  the  formation 
(water  in  cooling  shrinks  more  than  rock). 

(5.)  Faults  in  the  formation  facilitating  the  intermingling  of 
solutions  of  dift'erent  compositions. 

(6.)  Erosion  of  the  formation  and  concentration  of  the  copper 
contained  either  in  pools  on  tlie  land  surface  or  in  the  water  which 
found  its  way  down  into  the  rocks,  while  the  depovsition  of  the 
Keweenawan  as  a  land  formation  was  going  on. 

(7.)  The  ordinary  circulation  of  the  water  entering  at  the 
higher  parts  and  emerging  in  springs. 


"Been    segregated. 
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Now,  all  of  these  may  have  had  some  influence.  Most  of  them 
must  have  had  some.  It  may  well  be  that  the  next  great  discovery 
of  copper  will  be  one  of  a  new  type  in  which  some  factor  so  far 
apparently  unimportant  becomes  the  dominant  one. 

As  to  the  importance  of  these  various  factors,  however,  a  few 
words  may  be  said,  though  reference  must  be  made  to  the  detailed 
work.  Absorption  of  water  seems  to  me  of  first  importance  in  the 
accumulation  of  copper,  round  and  round  circulation  of  less.  To 
suppose  that  the  wide  spread  calcium  chloride  waters  are  always 
volcanic  is  to  suppose  that  the  earth  is  everywhere  sweating, — 
a  swea,t  salty  with  calcium  chloride.  But  to  this  theory  there 
are  serious  objections.  It  must  remain  unsafe  then  to  say  to  just 
what  extent  various  sources  participated  in  formation  of  the  mine 
waters.  We  may,  however,  look  back  to  a  time  when  the  forma- 
tion was  filled  with  a  water  whose  main  acid  was  chlorine,  but  the 
base  Avas  not  sodium.  This  is  the  practically  important  thing. 
Whether  oceanic  in  origin  or  not  these  chloride  waters  are  as  uni- 
versal as  the  oceanic  when  sufficient  depth  is  attained,  and  though 
they  vary  in  strength  for  the  same  depth,  I  have  not  yet  been 
able  to  find  signs  that,  other  things  being  equal,  there  is  more 
chlorine  naar  certain  fissures  or  in  certain  districts.  The  reverse 
of  this,  that  there  is  sometimes  less  chlorine  near  fissures  where 
the  circulation  has  obviously  been  free,  is  true.  This  may  be  used 
as  an  ai'gument  against  the  introduction  of  the  chlorine  from  with- 
out* 

In  the  accumulation  of  copper,  and  after  soda  may  have  replaced 
lime  in  the  mine  water,  an  early  occurrence  of  salt  water  of  the 
calcium  chloride  type  does  not  appear  especially  favorable.  In 
the  upper  levels,  however,  where  the  water  is  fresh  and  there  has 
been  a  good  deal  of  circulation,  the  copper  may  be  all  washed  out. 

The  distribution  of  the  copper  in  a  lode  may  perhaps  be  likened 
to  that  of  the  matter  on  a  slime  table,  bare  at  the  center  or  top, 
heavy  in  spots  and  streaks  in  the  middle,  more  uniformly  but 
thinly  scattered  toward  the  lower  and  outward  margin. 

One  thing  is  noteworthy  in  a  number  of  cases — a  tendency  for 
the  copper  to  accumulate  under  heavy  impervious  beds,  extending 
I^erhaps  in  thin  sheets  up  into  the  joints  of  the  same/^  but  even 

♦These  waters  are  discussed  in  the  Lal^e  Superior  Monograph  52  on  p.  544.  "In 
deep  underground  waters  there  is  essentially  the  same  condition  of  stagTiancy,  and 
therefore  we  suggest  progressive  accumulation  of  soluble  chlorine  salts."  But  in 
spite  of  the  stagnancy  Van  Hise  and  Leith  see  "no  adequate  reason  for  ;-egaiiding 
these  waters  as  fossil  sea  waters." 

"Copper  under  the  Lalje  Shore  traps,  under  Nonesuch  shales,  under  Greenistone, 
under  Mabb   ophite,  etc. 
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more  in  stringers  into  the  foot  as  described  by  Wadswortli.    In  such 
cases  the  heavy  bed  has  evidently  guided  the  circulation. 

§  9.      CxASKS. 

Combustible  gas  has  been  found  in  mine  watere,  notably  at  Sil- 
ver Islet,  but  also  at  the  Calumet  and  Hecla.  It  was  natural 
to  attribute  it  to  decaying  timbers  but  that  explanation  seems  no 
longer  necessary  since  R.  T.  Chamberlin  has  found  tliat  most  ig- 
neous rocks  yield  about  1  or  2  times  their  volume  of  combustible 
gas.-"  Such  gas  or  the  hydrocarbons  or  xarbides,  nitrides,  and 
silico-chlorides  (found  by  Brun  to  be  normal  constituents  of 
lavas)  from  which  they  might  be  derived-^  are  powerful  reducing 
agents  that  might  throw  out  the  copper. 

Thus  Pumpelly's  explanation  that  ferrous  salts  precipitated  the 
copper  though  both  possible  and  plausible,  is  not  absolutely  neces- 
sary. It  may  be  original  carbon  which  produced  the  calcite  which 
is  the  mineral  most  intimately  associated  witli  copper.  One  may 
readily  And  crystals  of  Iceland  spar  (CaCOg)  intergrown  with  na- 
tive copper  whose  virgin  luster  is  thus  beautifully  preserved.  Some 
times  the  crystal  form  of  calcite  (the  ''dog-tooth" — or  other  shape) 
is  plated  with  copper  and  the  growth  of  calcite  continued.  Now 
carbon  dioxide  is  absent  from  the  lower-  mine  waters,  though  cal- 
cite is  present  in  the  rocks  and  a  certain  amount  of  carbon-dioxide 
gas  may  be  abstracted  from,  them.  It  is  easy  then  to  suppose  that 
a  slow  oxidation  of  hydrocarbons  and  carbides  originally  in  the 
beds  has  furnished  the  carbonate,  which  formed  slowly  since  it  is 
in  large  crystals,  and  reduced  the  copper.  We  are  then  not  com- 
pelled to  look  to  the  waters  beneath  the  earth  for  the  source  of  the 
copper. 

§  10.      ALTERATIONS  AND  MINERALS   PRODUCED  THEREBY. 

Pile  up  a  series  of  heavy  massive  beds  (traps)  and  open  porous 
spongy  ones  (amygdaloids)  like  a  layer  cake,  and  then  tilt  the  pile 
and  there  can  be  but  one  result, — a  slump  and  sliding  of  the  upper 
beds  and  a  crushing  of  the  open  porous  beds  as  shown  in  Figure  10, 
until  by  a  process  of  shattering,  "brecciation"  and  filling  up  and 
cementation  of  the  porous  beds  with  new  minerals,  they  are  made 
of  nearly  the  same  specific  gravity  as  the  rest  and  strong  enough 
to  stand  the  pressure.  This  is  what  has  happened  to  the  amyg- 
daloids.    Even  the  most  casual  visitor  will  be  able  to  see  in  the 

'^"Tucludinj?  a  sample  from  a  deep  core  sent  by  us;  "The  Gases  in  Rocks,"  pubUshed 
by   R.   T.   Chamberlin.   pp.   20-24,  33,   34. 

21  Another  possible  react. on  suggested  in  Chamljerlin  is  :  6  FeCl2 -H  3H2O  =  2  Fe2Cl 
-f  FezOa  +  SHj. 
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mine  dumps  and  at  the  stamp  mills  the  soft  white  cleavable  calcite, 
the  white  or  colorless  glassy  hard  quartz,  the  j^ellowish  green  epi- 
dote,  and  the  darker  bluer  greens  of  the  chlorite  (delessite)  group, 
and  sei'pentine.  Prehnite,  white  with  a  faint  greenish  tinge,  is  a 
common  associate  of  copper.  Laumontite,  reddish  and  readily 
crumbling,  is  not  so  favorable  a  sign  of  copper.  Datolite,  almost 
like  porcelain,  often  with  beautiful  flesh,  and  other  tinges,  is  one 
of  the  last  minerals  formed.  Datolite  is  polished  to  form  articles 
of  jewelry  as  are  also  chlorastrolite,  thomsonite  and  agate.  The 
concentric  banding  of  the  agates,  which  generally  are  large  amyg- 
dules,  is  cut  across  in  making  jewelry,  while  the  chlorastrolite  and 
thomsonite  amygdules  are  polished  round. 

In   general,    laumontite,    epidote,   quartz   and   prehnite   tend   to 


Fig.  10.  Illustrates  the  effect  of  slump  in  a  series  of  traps  and  amygdaloids,  the 
amygdaloids  being  originally  vesicular  porous  beds  as  thick  as  the  traps  but  crushed 
to  a  fraction  of  their  original  thickness,  in  which  process  the  line  CB  -takes  the  posi- 
tion BD  and  the  bed  A   sinks  to  A'. 

antedate  the  copper,  calcite  and  analcite  are  about  coeval,  while 
datolite  and  orthoclase  are  often  later,  but  there  is  a  good  deal 
of  overlapping.  Sulphates  like  barite  and  selenite  are  rare  and 
late  comers  and  like  the  analcite  and  silver  seem  rather  confined 
to  the  upper  levels.  I  am  inclined  to  think  too,  that  the 
interesting  sulphides  and  arsenides,  the  .lead  colored  chalcocite, 
the  tin-white  chloanthite,  the  pale  reddish  nickeliferous  Mohawk 
ite,  and  Keweenawite,  are  also  relatively  superficial. 

One  of  the  striking  factors  in  the  development  of  stamp  mill 
practice  in  the  past  20  years  is  the  introduction  of  the  diagonal 
sorting  tables  of  the  Wilfley,  Overstrora  and  Deister  pattern,  and 
a  noticeable  and  beautiful  feature  in  some  of  the  mills  is  the 
production  of  bands  of  different  colored  minerals  arranged  on 
these  tables  according  to  specific  gravity.  Next  to  the  copper  red 
there  may  be  a  lead  colored  band  of  chalcocite  present.  The  yel- 
low-green band  of  epidote  may  next  appear  before  we  come  to  the 
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dull   maroon    iron   rust   colors    of  the   red   clays   and   ground   up 
amygdaloid. 

The  amygdaloids  sometimes  have  the  original  texture  and  round 
bubbles  well  preserved.  Then  again  they  are  all  brecciated,  that 
is,  broken  up,  the  cementing  material  being  calcite  and  epidote. 
Sometimes  epidote  and  quartz  replace  the  whole  rock  almost  sol- 
idly. Again  there  is  much  chlorite.  Where  great  sliding  (actual 
motion)  has  taken  place  the  rock  is  reduced  to  a  grea.sy  red  clay 
called  fluccan  which  the  miners  used  to  wrap  in  a  ball  around 
their  candles  for  candlesticks.  It  is  much  more  greasy  feeling 
than  the  red  sand  or  dust  that  blew  into  or  washed  into  cracks  in 
the  lava  and  made  what  we  call  clasolites. 

§11.   SHEAR  ZONES  AND  SHOOTS. 

Tf  we  bend  a  pile  of  paper  and  one  part  of  the  pile  more  than 
the  other,  we  shall  find  between  the  parts  thus  bent  a  belt  where 


Fig.   11.     Illustrates  gaping  beds,   or  pile  of  cards  when  unequally  bent. 

the  paper  tends  to  gape  apart  (Fig.  11.)  So  in  the  uneven  tilting 
and  slumping  of  the  formation  we  find  changes  of  dip  and  strike 
and  at  times  belts  of  traps  which  have  been  much  fissured  and 
shattered,  in  which  secondary  action  and  at  times  copper  forma- 
tion has  gone  on,  by  no  means  confined  to  any  one  amygdaloid, 
though  normally,  movement  and  readjustment  would  naturally 
follow  the  weaker  beds,  the  sandstones  and  amygdaloids.  But  if 
there  is  a  diagonal  stress,  neither  at  right  angles  nor  parallel  to 
these  beds,  the  resultant  disturbance  will  follow  the  weaker  beds 
for  some  distance,  then  jump  across  through  a  heavier  trap  bed. 
shattering  it  on  the  way,  when  the  diagonal  component  of  the 
stress,  not  satisfied  by  yielding  along  the  beds,  becomes  too  great. 
Thus  a  shear  zone  will  be  produced  (Fig.  11),  which  would  in  many 
cases  have  a  tendency  to  gap  open  and  leave  places  to  be  filled  by 
breccia  and  new  deposits. 

It  is  certain  that  some  of  the  stresses  to  which  the  Kewee- 
nawan  rocks  have  been  subjected,  have  had  a  diagonal  direction. 
We  have  noted  a  tendency  of  beds  to  be  thrown  to  the  right  on  the 
northeast  which  corresponds  to  the  general  eastward  curve  of  the 
Point.     As   illustrated,   the  Quincy   mine   is  not   confined  to   one 
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amygdaloid,  and  the  Baltic  lode  appears  to  be  in  a  shear  zone,' — 
the  Lake  perhaps  also. 

The  Calumet  and  Hecla  shoot  is  shown  on  Plate  IX. 

§  12.   SURFACE  GEOLOGY  AND  DISTRIBUTION  OF  FLOAT  COPPER. 

After  the  close  of  the  main  iip-tilting  the  copper  range  uplift 
may  have  continued  in  a  lesser  way  since  beds  of  the  age  of  the 
Niagara  Limestone  are  disturbed  at  Limestone  mountain.  There 
was  later  some  dejjression,  since  about  the  time  the  hardwoods 
first  became  abundant  a  sandstone  was  formed  in  the  Mesabi 
range--  and  the  ocean  may  possibly  have  reached  Michigan  too, 
though  no  trace  of  such  sediments  have  yet  been  found.  Probably 
before  this  time  the  surface  was  reduced  to  a  comparative  level, 
such  as  the  plateau  from  the  the  Quincy  to  the  Calumet,  and  some 
time  since  the  Cambrian  sandstones  mantled  the  range  (possibly 
when  emerging  from  the  Cretaceous  sea),  rivers  seem  to  have  es- 
tablished their  course  across  the  range,  marking  out  valleys  such 
as  those  now  occupied  b}^  the  Ontonagon  river.  Fire  Steel,  Flint 
Steel,  and  Portage  Lake.  These  valleys  may  have  been  cut  deeply 
in  the  era  of  elevation  preceding  the  recent  ice  age,  which  is 
marked  by  the  formation  of  caves  such  as  the  Osborn  cave  at  Fi- 
born  and  by  the  deep  valleys  in  the  rock  surfaces,  now  filled  with 
drift,  whose  soles  are  at  times  below  sea  level.  At  the  same  time 
the  minor  tributaries  in  their  erosion  brought  out  the  rock  struc- 
ture, generally  leaving  the  harder  traps  in  ridges.  When  the  ice 
age  came  on,  the  earlier  center  of  collection  and  distribution  seems 
to  have  been  northwest  of  Lake  Superior.  It  is  called  the  Kee- 
watin  center.  Later  the  ice  moved  from  the  east,  from  a  center 
in  Labrador  called  the  Laurentian  center,  and  reaching  Lake  Su- 
perior moved  out  from  it.  (Fig.  49.)  Around  Portage  Lake  the 
ice  actually  moved  to  10  degrees  north  of  west.  This  direction  of 
ice  motion  is  beautifully  marked  near  the  Calumet,  Arcadian, 
Quincy,  and  Isle  Royale  mines.  One  can  see  the  stoss  and  lee  sides 
of  the  motion,  the  grooves  and  trails  left  by  harder  knobs.  The 
ice  front,  which  was  naturally  perpetually  oscillating,  and  the 
direction  of  ice  motion  and  transportation,  streaming  away  from 
the  center  of  distribution  and  finishing  at  right  angles  to  the  front, 
also  shifted.  Hence  copper  maj^  be  found  either  side  of  its  parent 
ledge,  but  that  at  the  surface  which  is  most  likely  to  be  found 
was  probably  left  by  the  last  ice  motion.  Around  Calumet  and 
Portage  Lake  the  ice  moved  from  tlie  direction  of  Keweenaw  Bay, 

"Leith    on    the   Mesabi   Range,    U.    S.    G.    S.,    Monograph   43,   p.    189. 
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and  farmei*s  plowing  their  fields  near  Portage  canal  reap  a  harvest 
of  copper  nuggets  which  may  have  come  from  the  Franklin  and 
Quincy. 

From  somewhere  about  the  Winona  mine  on  the  south,  however, 
the  motion  was  from  the  other  side.  Where  the  motion  was  from 
the  east  and  southeast  over  the  eastern  sandstones  the  surface 
overburden,  or  drift,  is  more  sandy.  The  material  which  was 
ground  off  the  range  itself  by  the  ice  is  a  much  stiffer  red  clay 
with  stones  in  it.  Great  quantities  of  material  were  washed  out 
of  the  ice  front  by  water  from  the  melting  ice  and  deposited  in 
sheets  known  as  sand  and  gravel  plains,  irregular  mixed  masses 
and  high  hills  known  as  kames,  and  long  narrow  hogbacks,  known 
as  e.skers.  Along  lines  where  the  ice  front  lingered  some  time  the 
deposits  are  extra  heavy  and  are  called  moraines. 

Keweenaw  Point  and  tJie  Porcupine  mountains  were  relatively 
early  laid  bare  and  made  cusps  or  reentrant  angles  in  the  ice 
front.  At  one  stage  of  retreat  Centennial  heights,  north  of  Calu- 
met formed  a  reentrant  (Plate  IX).  Another  hill  of  sand.  Wheal 
Kate  (1508  feet  A.  T.),  towers  south  of  the  Mill  Mine  Junction 
and  the  village  of  South  Eange,  and  is  easily  recognized  from  the 
hills  either  side  of  Portage  Lake.  It  is  part  of  a  heavy  moraine 
which  extends  entirely  around  Keweenaw  Bay  and  for  miles  south 
the  drift  is  extra  thick.  Working  through  this  coating  which  is 
often  of  light  quicksand,  makes  explorations  and  mining  difficult, 
and  will  retard  mining  development. 

In  front  of  the  ice  sheet  the  water  was  ponded  and  drained 
to  the  Mississippi.  On  the  north  side  of  the  Porcupines  the  high- 
est level  of  this  water  was  559  feet  above  Lake  Superior.  On  the 
south  side  of  the  Porcupines  it  was  higher,  at  least  34  feet  above 
Lake  Gogebic,  or  720  above  Lake  Superior,  or  1320  above  tide. 
But  around  the  Ontonagon  Valley  the  beaches  and  benches  at  565 
feet  above  Lake  Superior  are  much  more  strongly  marked.  The 
corresponding  level  rises  as  one  goes  out  on  the  point,  being  at 
North  Tamarack  at  least  640  feet  above  Lake  Superior.  Thence 
downward  are  beaches  at  numerous  different  levels  formed  at  suc- 
cessively lower  stages  of  the  water.  Down  to  480  feet  above  Lake 
Superior,  (a  strong  beach,  well-marked,  where  the  electric  road 
crosses  it  in  climbing  a  hill  near  the  Quincy  mine),  the  beaches  are 
referred  to  a  Lake  Duluth.  Thence  down  to  a  little  less  than  100 
feet  above  Lake  Superior,  the  level  of  the  strong  terrace  on  which 
tlie  College  of  Mines  stands,  the  beaches  are  said  to  be  of  a  Lake 
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Algonquin,-^  which  covered  all  the  upper  lakes.  It  was  drained 
at  different  periods  by  various  outlets,  a  part  of  the  time  by  the 
newly  reopened  Chicago  outlet. 

Strong  beaches  below  the  Algonquin,  30  to  60  feet  above  the 
lake,^*  are  referred  to  a  Lake  Nipissing  which  liad  an  outlet  down 
the  Ottawa.  Possibly  the  bluffs  and  terrace  on  which  the  Freda 
stamp  mills  were  placed  were  formed  at  this  time.  The  Ottawa 
outlet  has  been  raised  by  tilting  of  the  land  and  there  is  reason 
to  believe  that  this  is  still  going  on  so  that  the  Michigan  shore 
is  sinking  as  well  as  being  cut  back  by  Lake  Superior.  This  is 
very  evident  along  the  lake  shore  in  the  Porcupine  mountain  re- 
gion. 

^'Leverett,    Twelfth    report    Michigan    Academy    of    Science,    1910,    Fig.    7.      Pig.    2 
sliows  Lake  Duluth.. 

-*Leverett,   loc.   cit.   Fig.   8. 
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chapter  ii. 

:nomenclature  and  chemical  relations  of  the 
keweenaw  an  rocks. 

§  1       HISTORICAL  REVIEW  OF  NAMES  APPLIED  TO  IGNEOUS  ROCKS  OF  THE 
KE\A'^EENAW  SERIES. 

I  wish  to  express  especially  my  obligation  to  a  paper  by  A.  N. 
Winchell,  published  by  permission  of  the  Director  of  the  U.  S.  Ge- 
ological Sun-ey^  which  I  understood  would  represent  the  usage  of 
the  U.  S.  Geological  Survey  in  their  Lake  Superior  Monograph. 
Wherever  I  differ  it  will  generally  be  found  to  continue 
the  previous  usage  of  the  State  Sun^ey,  and  in  this  (my 
final  report  probably)  it  seems  well  not  to  change  without  the  best 
reasons.  Winchell  has  in  view  especially  microscopic  petrog- 
raphy, and  his  study  of  usage  goes  back  therefore  only  to  the  mi- 
croscopic studies  of  Streng  (1877).  Since  I  have  in  mind  more 
the  convenience  of  mining  engineers  and  geologists  in  the  field, 
I  will  go  back  a  little  farther,  to  give  more  completely  tlie  use  of 

the  terms. 

Douglass  Houghton  in  1841  used  the  terms  Trdpp  and  range,  and 
distinguished  the  amygdaloid  from  the  compact  trap  or  greenstone, 
which  he  defined  as  the  compact  granular  variety  made  up  of  feld- 
spar and  hornblende,  though  he  expressly  stated-  that  under  this 
term,  augitic  and  other  rocks  were  included.  As  a  matter  of  fact, 
hiornblende  is  rare  in  the  Keweenawan  rocks,  and  the  mineral  as- 
sociated with  the  feldspar  in  the  greenstone  is  generally  chlorite 
and  augite. 

W.  A.  Burt  and  B.  Hubbard  used  Houghton's  terms,  but  since  in 
working  for  the  U.  S.  Linear  Survey,  under  the  contract  with 
Douglass  Houghton,  they  had  come  upon  the  Mt.  Houghton  and 
Porcupine  Mountain  felsite  and  quartz  porphyries  they  called  them 
red  trap  and  trap  porphyry.    In  the  Jackson  report^  in  which  tlie 

iReview  of  Nomenclature  of  Keweenawan  Igneous  Rocks,  A.  N.  Winchell.  Journal 
of  Geology    (Vol.  XVI)    1908,   No.   8,  p.  765.     See  also  U.   S.  G.   S.  Monograph  52,  pp. 

^^24lJmoir    of    Douglass    Houghton,    first    State    Geologist    of    Michigan"    by    Alvah 

^'■3ReSrt^o??'the  Geological  and  Mlneralogical  Survey  of  the  Mineral  Lands  of  the 
U  S  in  the  State  of  Michigan.  Senate  Docs.,  1st  sess.  31st  Congress,  1849-50,  No. 
5,    Pt.    Ill,    pp.    371-935. 
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work  of  Burt,  Hubbard,  Jackson,  and  Foster  and  Whitney  and 
others  is  mingled,  the  main  felsitic  rock  of  the  Porcupine  moun- 
tain is  called  jasper  and  the  more  coarsely  i)orphyritic  rockvS  south- 
east around  Bergland  quartzose  porphyry.  Foster  and  Whitney 
continue  to  refer  to  the  Trap  range.  The  greenstone  was  still  con- 
sidered to  contain  hornblende.  Where  columnar  jointed  and  very 
fine  grained  it  was  called  basalt;  when  it  contained  distinctly  dis- 
seminated feldspar  crystals  porphyry  (porphyrite  as  I  should  call 
it),  and  the  crystalline  and  feldspathic  varieties  (Mt.  Bohemia 
gabbro  and  gabbro  ophite)  are  called  sienite.  They  also  mention 
compact  trap  (ashbed  or  porphyrite?),  trap  lyreccia  (amygdaloid 
conglomerate?),  porphf/ritic  trap  (like  the  Kearsarge  foot?)  and 
epidote  trap.  In  regard  to  the  use  of  the  term  jasper,  the  compact 
quartz  or  jasper  is  understood  to  pass  into  the  quartz  porphyry. 

In  Volume  II  they  discuss  the  terms  trap  and  greenstone — stat- 
ing that  most  of  the  igneous  rocks  embraced  in  the  term  green- 
stone are  labradorite  or  oligoclase  and  pyroxene  with  chlorite  and 
thus  the  term  diabase  is  applied  to  them  by  continental  geologists. 
Melaphyre  they  mention  for  the  first  time  as  "a  fine  grained  com- 
pound of  labradorite  and  ilmenite  and  (probably)  pyroxene. 
Basalt  is  divided  into 

C      dolerite,  crystalline  aggregate  of  labradorite 

)  augite  and  ilmenite, 

(      anamesite,  a  fine  grained  mixture  of  the  same. 

They  recognized  the  presence  of  augite,  though  it  was  still  put 
after  the  hornblende  in  importance  and  analyzed  the  Greenstone 
(note  the  capital  G)  from  the  summit  of  the  cliff  at  the  Cliff  mine 
as   given   below. 

In  1850,  Fr.  C.  L.  Koch,*  one  of  the  founder  of  Saginaw,  an 
educated  German  mining  engineer,  visited  the  district  and  recog- 
nized (p.  201)  the  dark  mineral  as  augite,  and  determined  the 
trap  to  contain  augite  and  labradorite  with  some  magnetite  ar 
times  and  believe  it  to  be  properly  called  trap  or,  if  the  magnetite 
was  conspicuous,  dolerite  and  the  finer  forms  as  anaitictitc.  No 
progress  was  made  on  Koch  for  fifteen  years.  Kivot,  professor  in  the 
Ecole  des  Mines,  at  Paris,^  used  the  same  terms,  trap,  amygdaloid, 
greenstone,  and  was  rather  inclined  to  believe  the  traps  to  be  meta- 
morphic  sediments.  A.  Winchell,  1860-61,  did  no  detailed  work  on 
the  Trappose  roclcs.  Thus  the  nomenclature  of  the  first  generation 
of  geologists  and  miners  still  in  use,  to  which  I  cling  so  far  as 

■•Studien  des  Gott.  Vereins  Bergm.  Freund6  by  Fr.  C.  L.  Koch,  Vol.  VI.  Parts  1 
and    2    (1852). 

^''Voyage  an  Lac  Supf^rieur,"  by  M.  L.-E.  Rivot,  1885  Annales  des  Mines  Vol.  VII, 
p.   173  et  seq. 
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possible,  mav  be  said  to  be  practically  that  of  Douglass  Houghton, 
Bela  Hubbard  and  Foster  and  Whitney.  Koch's  work,  published 
in  German,  was  and  is  yet  largely  unknown. 

The  next  work  in  considerable  detail  on  the  Keweenawan  rocks 
was  that  of  Thomas  MacFarlane  (who  had  just  passed  away)  for 
the  Canadian  Survey  in  1855.®  He  argued  for  the  term  melapliyre 
and  also  used  trap.  He  speaks  of  the  upper  part  of  the  melaphyre 
as  being  amygdaloid.  He  made  numerous  analyses.  Some  might 
object  that  his  partial  analyses  were  not  accurate  and  that  he 
overestimated  the  amount  of  chlorite.  From  the  modem  point  of 
view  his  analyses  are  certainly  incomplete,  but  they  still  have  dis- 
tinct value  as  showing  what  parts  of  the  rock  were  attacked  by 
acids,  and  have  not  been  replaced.  Even  supposing  that  he  over- 
estimated the  chlorite,  the  rocks  wliich  he  calls  melaphyre  are  ex- 
actly similar  to  those  which  around  Oberstein  and  the  region  of 
the  Nahe  river  in  Germany  have  been  called  melaphyre. 

Moreover,  the  use  of  the  tenn  melaphyre  was  continued.  H. 
Credner,  the  eminent  German  geologist,^  applied  it  to  the  rocks 
associated  with  the  Calumet  and  Hecla  conglomerate. 

Pumpelly,  with  whom  Credner  worked,  and  Man'ine,^  adopted 
this  term  melaphyre  (melaphyr)  while  they  recognized  that  the 
chlorite  is  produced  from  hornblende  or  pyroxene.  They  distin- 
guished the  following  varieties  of  melaphyre — an  amygdaloid  up- 
per part,  a  central  coarse  grained  part;  fine  grained  with  rubel- 
lan  (altered  olivine)  ;  and  melaphyre  porphyry.  Marvine  called 
the  Greenstone  with  the  big  ''G"  diorite,  appreciating  its  coarse- 
ness, but  also  confusing  augite  with  hornblende?  A.  A.  Julien,® 
described  rocks  from  the  iron  country,  and  incidentally  some  Ke- 
weenawan dikes  as  Black  Dioryte  aphanite  (355,  356).  These  same 
Keweenawan  dikes,  C.  A.  Wichmann^'^  called  dkihase  recognizing 
them  as  labradorite-augite  rocks,  but  refusing  to  call  them  doler- 
ite  as  Koch  did,  since  he  would  limit  that  term  to  Tertiary  rocks. 
He  recognized  the  quartz  diabase.  His  was  the  first  application 
of  the  microscope  to  the  examination  of  the  rocks.  Pumpelly  in 
1878  and  I88O11  continuing  his  work  under  the  Wisconsin  Survey, 
ftollowed   Rosenbusch's   svstem  and   described   many   of  the  Eagle 


e"Exploration    ggologique    du    Canada,    Report    des    Operations    de    1863    a    1866. 
Appendice   relatif   aux  Roches   et   Gites  Cupriferes  du   Lac   du   Portage,    Michigan,   pai 
Thos.   Macfarlane,   pp.    153-169.      Translated   in   Vol.   I   Geological   Survey  of  Michigan, 
Pt.    II,   pp.   9-12. 

'Neues   Jahrbuch   fiir  Min.,   1869,   p.   3.  . 

sGeoIogy  of  Michigan  Vol.   I.  Pt.   II.  Copper  Bearing  Rocks,   pp.   12-13. 

"Microscopic   Examination   of   Eleven   Rocks    from    Ashland    Co.,    Wis.,    Geology    of 
Wisconsin   Vol.    III.   pp.   224-23S. 

'"Geoloev    of    Wisconsin    Vol.    Ill,    pp.    621-62 1. 

•"Geololy   of  Wisconsin   Vol.    Ill,    Pt    II,   pp.    27-49.      Lithology   of   the  Keweenawan 
System. 
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river  rocks,  and  suggested  that  the  term  melaphyre  should  be  re- 
placed by  the  term  diabase,  classing  the  rocks  as  follows: 

I,     Granular   plagioclase-augite   nocks:      with    olivine    (chryso- 
litic)   diabase, 
II.     Porphyritic    plagioclase-augite,    with   more   or    less   unindi- 
vidualized    base:    porphyritic    diabase   or,   with    olivine, 
melaphyre. 
III.     Granular  plagioclase-diallage  rocks, — ^gabbro. 

He  noted  that  of  one  great  flow  that  I  call  opMte, —  the  Green- 
stone— some  specimens  are  diabase,  some  (as  Bed  108)  near  the 
base,  melaphyre,  otliers  as  (Beds  95  and  107)  of  the  Eagle  river 
section,  gabbro. 

The  luster  mottled  rocks  he  described  as  melaphpres,  but  did 
not  recognize  the  altered  olivine  in  the  Ashbed  type  of  trap.  This 
is  not  to  be  wondered  at,  for  it  is  rarely  fresh  and  practically  never 
in  superficial  specimens,  which  were  all  he  had.  Pumpelly  also 
made  a  distinction  between  amygdaloid  and  pseudo-amygdaloid, 
the  latter  being  a  variety  of  a  rock  resembling  the  amygdaloid  in 
its  speckled  appearance,  but  the  result  is  one  of  alteration,  not  of 
filling  of  original  bubble  cavities. 

Irving  also  contributed  to  Volume  III  and  found  in  addition  to 
.  melaphyre  and  dialjase,  quartz  and  granitic  porphyry  and  felsitic 
porphyry,  which  he  was  inclined  to  suspect  were  fragmental  (brec- 
ciated  felsites).  The  gahhro  of  the  Wisconsin  Survey  included  a 
gabbro  proper,  olivine  gabbro,  uralitic  gabbro  and  orthoclase 
bearing  gabbro,  the  diabase,  an  ordinary  prevalent  fine  grained 
type  with  one  or  two  coarse  grained  varieties,  the  Ashbed  diabase 
type,  a  pseudamygdaloidal  and  true  amygdaloidal  phase. 

Mosler  in  1877^-  followed  the  usage  of  Pumpelly.  In  his  Mono- 
graph V  of  the  U.  S.  Survey,"  Irving  still  following  Eosenbusch's 
usage,  makes  the  following  classes  (p.  37)  : 

Coarse, — gabbro  and  diabase,  olivine  gabbro  and  olivine  dia- 
base, all  free  from  orthoclase;  orthoclase  gabbro,  hornblende  gab- 
bro, anorthite. 

Fine, — diabase  of  the  ordinary  type,  olivinitic  diabase  and  mela- 
phyre, Ashbed  diabase  and  diabase  porphyrite  amygdaloids. 

The  noteworthy  difference  shown  in  the  work  of  the  decade 
1877-1887  as  compared  with  the  work  from  1866-1877  is  the  more 
frequent  application  of  the  term  diabase  instead  of  melaphyre. 
Rominger,  in  Volume  V  of  the  Michigan  reports,  written  in  1884, 

^^'Der  Kupper  Bergbau  am  Obern  See  in  Nord  Amerika  von  Chr.  Mosler,  Berlin,  1877. 
""The   Copper  bearing   Rocks  of   Lake   Superior"    by   Roland   Duer  Irving,   U.   S.    G. 
S.  Monograph  V. 
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though  not  published  until  1895,  drops  the  term  melaphyre  and 
speaks  of  diabase  and  aniygdiiloid.  quartz  porphyr'ij,  and  felsite. 
Irving  (loc.  cit.  p.  69)  called  nothing  melaphyre  unless  there  was 
residuary  base  (glass,  calling  them  oli^dne  gabbro,  if  coarse;  olivin- 
itic  diabase,  if  fine. 

Many  rocks  among  the  Ashbed  diabases,  that  I  would  call  oli- 
vinitic  he  does  not  so  count,  taking  the  altered  porphyritic  oli- 
vine to  be  altered  augite  perhaps.  Herrick,  Tight  and  Jones^*  fol- 
lowed Irving  in  referring  to  dmhases,  diabase  porphyrites  and  fel- 
site  porphyry.  Wadsworth  in  1779^^  classified  the  basaltic  rocks 
as  follows: 

Feldspar  Melaphyre       Tufa 

Basalt 

Basalt  Leucite  Diabase 

Dolerite  Gabbro  Poroda 

Nephelite  Peridotite 

In  1880  he  gave  a  characteristically  thorough  review  of  the  lit- 
erature of  the  Copper  districts.  He  uses  the  term  melaphyre  very 
frequently  as  a  variety  of  basalt,  uses  the  termi  rhyoUte  for  the  more 
siliceous^  trachyte  for  the  less  siliceous  felsites.  He  uses  the  term 
melaphyre  almost  as  Macfarlane  and  Marvine  did.  Its  derivation 
and  application  is  the  same,  though  he  defines  it  as  an  altered 
basalt,  and  uses  it^*'  somewhat  under  protest. 

In  1887^^  he  examined  for  the  Minnesota  Survey  among  others, 
many  Keweenawan  rocks.  He  mentions  the  term  ophite  as  a  variety 
of  his  basalts,  which  take  the  forms  of  gabbro,  diabase,  melaphyre 
or  diorite,  according  to  alteration.  Characteristic  of  Wadsworth  is 
the  emphasis  he  laid  upon  secondary  changes  and  the  account 
which  he  took  of  them  in  his  nomenclature.  Many  things,  for  in- 
stance micropegmatite,  that  I  should  consider  primary,  he  (and 
Irving  followed  him),  'considered  secondary.  Yet  I  found  as  I 
worked  with  him  for  two  or  three  years  that  we  would  agree  in  a 
great  many  cases  in  the  application  of  names  though  disagree  in 
our  conclusions  and  definitions. 

Yet  I  agree  that  melaphyre  may  be  essentially  altered  basalt.  His 
last  formal  work  for  the  Michigan  Survey  was  in  1893^^  where  on 

J^Bull.  of  the  Sci.  Lab.  of  Denison  University,  Vol.  II,  Part  2  (Granville,  1887) 
pp.   120-142. 

i^Univ.  Comp.  Zool.  Vol.  V,  p.   280. 

"Proc.   Boston   Soc.  N.  H.   Oct.   19,  1881,  p.   259. 

"Geological  and  Natural  History  Survey  of  Minnesota.  Preliminary  Description  of 
the  Peridotytes,  Gabbros,  Diabases  and  Andesytes  of  Minnesota,  Bull.  No.  2,  M.  B. 
Wadsworth. 

^'Report  of  the  Board  of  Geological   Survey. 
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page  90  lie  gives  a  classfiication  of  rocks  and  on  page  147  uses  the 
term  "clasolite"  for  a  deposit  of  sediment  in  fissures.  In  1897  he 
gave  for  the  Lake  Superior  meeting  of  the  American  Institute  of 
Mining  Engineers  a  clear  and  interesting  summary  of  his  views 
on  the  "Origin  and  mode  of  occurrence  of  the  Lake  Superior  Cop- 
per deposits,"  which  was  printed  in  their  Transactions.  (XXVII, 
669.) 

Bayley^"  in  1889-97  describes  the  Minnesota  gabbros  in  some  de- 
tail and  also  the  Pigeon  Point  rocks.  He  found  no  n-f  elds  path  ic 
varieties  of  gahbro. 

Grant  in  1893  and  1891,  describes,  for  the  Minnesota  Survey, 
gabbro,  diabase,  granite  and  a  marginal  facies  f>f  gabbro.  His  aug- 
ite  soda  granite  is  a  red  rock  like  Irving's  augite  syenite  and  gran- 
itells,  or  Bayley's  soda  augite  granite.-'^ 

The  work  of  Hubbard,  Patton,  and  Lane  began  in  Michigan  in 
1889-92.  The  first  publication  is  in  the  1892-3  report,  though  there 
the  only  Keweeiiawan  rocks  described  imder  our  own  names  were 
some  diabases  intinisive  in  the  iron  bearing  rocks.  We  were  fel- 
low-students under  Rosenbusch  and  liaA'e  since  worked  in  close  re- 
lation. We  have  tried  to  use  terms  as  they  are  used  by  earlier 
writers,  and  we  have  also  tried  to  apply  them  so  far  as  possible 
to  the  same  things.  It  does  not  bother  the  practical  man  who  has 
only  incidental  use  for  a  geological  report  if  a  rock  be  called  a 
melaph/yre,  whether  stress  is  laid  upon  the  fact  that  it  is  pre-Ter- 
tiary  or  effusive,  or  is  older  and  contains  chlorite  and  is  altered, 
so  long  as  the  hanging  wall  of  his  lode  is  in  each  case  called  a 
melaphyre.  We  therefore  continue  to  use  the  term  melaphyre  as 
applied  to  many  of  the  Keweenaw  traps.-^ 

I  did,  however,  begin  to  use  one  term  which  is  not  new,  nor  as 
I  supposed  new  in  the  sense  in  which  I  used  it,  but  is  new  in  the 
district,  viz.  the  term  ophite-^  as  a  short  equivalent  for  luster  mot- 
tled melaphyre,  applying  it  also  to  rocks  which  had  the  same  tex- 
ture as  melaphyre,  but  on  too  fine  a  scale  to  give  the  luster  mot- 
tling ai)pearance,  and  I  prejiared  for  Volume  VI,  a  table  sho\\ing 
my  usage. 

To  others  of  the  trajjs.  I  applied  geographic  names  in  the  Isle  Roy- 
ale  report  (p.  170)  such  as 

Tohin  porp/j ?/r?'^e=Rosenbusch's  navites? 

Huginnm  porphyrite^^{i\  kind  of  diabase  porphyrite). 

i»"Basic  Massive  llocks  of  the  Lake  Superior  Region"  by  W.  S.  Bayley,  first  three 
parts  in  .Tournal  of  Geology,  Vol.  I,  Nos.  5,  6,  and  7,  fourth  parC  in  Journal  of  Geology, 
Vol.    II.   No.    8.   and   Vol.    III.    No.    1. 

^''Xumerous   papers  listed   in   Bull.    TT.    S.    G.    S..   No.    188. 

s'Bull.  Geol.  Soc.  Am.  Vol.  8  (1896),  p.  406  Vol.  10  (1899)  p.  15.  See  also  U.  S. 
G.  S    Monog.  52,  p.  398;  and  Science  Vol.  XXXII,  p.  513. 
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Miiiong  Porphyrite=  {akm  to  an  aiigite  andesite.) 

I  also  prepared  a  field  scheme. 

Former  Assistant  State  Geologist  F.  E.  Wright,  prepared  for 
the  Michigan  College  of  Mines,  a  synopsis  of  Rosenbusch's 
classification  of  rocks  which,  though  it  was  accompanied  by 
no  text,  should  nevertheless  be  considered,  because  so  many 
of  the  mining  men  will  have  been  by  its  use  familiarized  with 
its  tenns.  The  same  statement  also  applies  to  the  names  used 
in  Kemp's  Handbook  of  Rocks  and  "Ore  Deposits  of  the  United 
States." 

I  have  remained  fairly  faithful  to  the  usage  in  Volume  VI,  pre- 
pared by  Hubbard  and  myself.  The  only  important  modification 
from  Rosenbusch'.s  system  introduced  by  me--  was  the  attempt  to  con- 
fine the  the  two  chemically  synonymous  terms,  diabase  and  luela- 
pliyre,  respectively  to  dike  and  effusive  rocks,  a  proposition  which 
Rosenbusch,  though  granting  its  desirability  on  theoretical 
grounds,  has  not  accepted--  for  reasons  which  may  be  practically 
sound.  A  good  deal  depends  on  whether  it  really  is  practicable  to 
separate  the  intrusive  rocks  from  the  coarser  central  parts  of  flows. 

In  1903,  appeared  an  important  work--  by  a  group  of  the  lead- 
ing American  petrographers,  which  broke  away  entirely 
from  previous  names  and  made  a  host  of  new  names,  dependent 
on  a  complete  chemical  analysis,  though  there  are  methods  given 
by  which  one  may  estimate  from  the  chemical  analysis  the  mineral 
composition  of  the  rock,  were  1+  composed  of  certain  standard 
minerals,  and  vice  versa  from  the  minerals  actually  present  one 
nijay  infer  the  probable  place  in  the  classifi/eation.  The  lines  be- 
tween the  different  subdivisions  are  arbitrarily  drawn  in  the  class- 
ifications and  constituents  like  H^O  and  CO^  (which  are  liable  to 
have  been  added  in  weathering,  but  are  certainly  in  some  rioeks 
primary  and  are  very  significant  genetically)  are  absolutely  neg- 
lected; other  constituents  like  ferrous  and  ferric  iron,  which  are 
equally  likely  to  be  modified  by  weathering,  are  given  much  weight 
and  some  substances,  which  are  hard  for  the  chemist  to  determine 
accurately,  are  so  important  in  the  scheme  that  samples  from  the 
same  rock  mass  apparently  differing  but  little  in  composition  will 
sometimes  find  pigeon-holes  astonishingly  far  ajiart  in  the  class- 
ification, \\ithout  more  difference  in  the  analysis  than  may  be  due 
to  analytical  errors.  Occasionally,  therefore,  there  are  rocks  in 
the  ^ame  group  in  the  classification  which  have  little  or  nothing 

"Bull.  G.  S.  A..  1893,  p.  273.  Michigan  Geol.  Sur.,  Vol.  VI.  Pt.  1,  p.  220.  See 
Mikroskopi.sche    Physiographie.    fourth   edition.    Vol.    II.    pp.    1160-llGl. 

^^'"The  Quantitative  Classification  of  Igneous  Rocks"  by  Cross.  Iddings.  Pirrson 
and  Washington.  (Hereinafter  referred  to  as  the  "Big  Four")  Chicago  University 
Press. 
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in  common  other  than  the  bare  chemical  factors  by  which  they  are 
assigned  to  that  group.  All  of  this  simply  shows  that  the  class- 
ification is  not  perfect.  Few  things  are.  The  authors,  however, 
suggest  a  series  of  names  for  field  use  which  are  convenient  and 
very  much  like  those  which  it  has  been  customary  to  use. 

§  2.      WINCHELL'S   CORRELATION. 

Winchell,  with  a  labor  for  which  I  am  very  grateful  (as  it  cor- 
rected some  slips  in  an  unpublished  table  which  I  had  prepared 
for  my  own  use),  has  calculated  the  pigeon-hole  and  the  position 
under  the  Quantitative  Classification  of  all  the  rocks  of  which 
we  have  trustworthy  analyses,  and  has  prepared  a  table  of  these 
names,  as  well  as  of  the  older  names.-*  It  will,  then,  be  well  first 
to  go  over  his  table  II,  slightly  modified  as  herewith  given 
a  "Correlation  of  Nomenclature  of  Keweenawan  igneous 
rocks,"  making  some  comments  and  comparisons.  One  thing  must 
be  remarked  which  will  account  for  a  good  deal  of  the  variety. 
The  same  dike  of  laim  or  ilic  fjonie  lava  flow  mr<y  differ  very  widely 
in  different  parts  and  especially  at  different  distances  from  the 
margin,  so  tliat  it  will  be  absolutely  different  in  texture  and  quite 
different  in  chemical  composition  in  different  parts.  One  great 
difficulty  has  been  in  applying  a  name  to  a  rock  mass  and  then 
trying  to  define  the  name  afterw^ards.  The  characteristics  of  one 
part  will  not  apply  to  all  parts  of  the  rock.  It  seems  to  me,  there- 
fore, permissible  for  the  field  geologist  to  apply  to  a  whole  lava  flow 
a  name  which  by  strict  definition  will  apply  only  to  some  large 
part  of  it.  If  we  do  not  do  that  we  shall  be  driven  to  using  some 
arbitrary  geographic  or  proper  name  or  number.  This  indeed  we 
do  to  some  extent  and  speak  of  the  "Kearswrge  foot,"  Bed  87  of 
the  Eagle  river  section,  Arcad'an  flow  28,  etc.  But  it  seems  to  me 
it  is  a  great  help  to  comprehension  and  memory  if  we  may  also 
speak  of  the  Chippewa  felsite,  the  Maljlj  ophite,  etc.,  without  mean-, 
ing  thereby  that  the  so-called  Chippewa  felsite  may  not  frequently 
have  more  or  less  conspicuous  phenocrysts  and  so  be  called  more 
strictly  a  feldspar  or  quartz  porphyry,  or  that  the  Mal)l)  ophite 
may  not  be,  at  the  very  top,  a  glassy  amygdaloid. 

Going  over  the  roll  of  names  cited  by  Winchell  we  find  that 
his  use  of  the  term  Granite  is  agreed  on  by  all.  His  use  of  the 
term  Quartz  porphyry  is  agreed  to  by  all  but  A.  N.  Winchell,  who 
would  substitute  rhyolite  porphyry.  The  term  rhyolite  has  not 
heretofore  been  applied  to  these  rocks,  though  they  are  chemically 

=*Journal   of  Geology,    Nov.-Dec.   1908,   Vol.   XVI,   No.   8.     Monog.   52,   p.   400. 
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and  in  origin  eqnivalent  to  the  Western  rhyolites,  and  many  of 
them  show  beautifully  the  bands  marking  the  flow  lines.  On  this 
point  W.  H.  Hobbs  said  in  1900:-^  'The  tendency  of  American 
petrographers  seems  to  be  to  abandon  entirely  terniis  of  the  class 
quartz  porphijrij  and  to  extend  terms  correlated  with  rJiyolite  to  cover 
rocks  which  were  previously  included  in  both  groups.  This  tendency 
seems  to  me  to  be  an  unfortunate  one  s^ince  it  results  in  classing  to- 
gether rocks  which  are  essentially  unlike.  There  may  be  no  import- 
ant difl'erence  betT\^en  a  particular  quartz  porphyry  and  a  particu- 
lar rhyolite  but  compare  a  drawer  of  hand  specimens  of  the  former 
with  one  of  the  latter  and  an  argument  is  unnecessary  to  show 
that  as  a  class  they  are  essentially  different.  The  quartz  porphy- 
ries are  as  a  class,  devoid  of  vesicular  and  fluxion  structures —  they 
are  in  their  method  of  occurrence  hypabyssal — and  they  more  gen- 
erally show  the  efliects  of  devitrification  and  weathering,  etc."  The 
authors  of  the  Quantitative  Classification,  whom  I  shall  hereafter 
refer  to,  for  short,  as  the  "Big  Four,"  would  keep  the  term  quartz 
porphyry  or  quartzophyre.  I  should  be  tempted  to  confine  the  term 
rhyolite  to  porphyries  in  which  lines  of  flow^  were  a  marked  feature. 
Felsite  becomes  rhyolite  for  Winchell  and  Grant.  Riosenbusch  in 
his  latest  edition  uses  quartzless  porphyry  and  felsite  for  the  ground 
mass  of  a  porphyiy.  It  seems  not  inappropriate  to  continue  to 
speak  of  porphyries  in  which  the  ground  mass  alone  is  conspicuous 
as  felsitcs,  and  such  is  the  usage  of  the  Big  Four  for  ''non  por- 
phyritic,  light  colored,  rocks." 

Obsidian  and  apoMidian  are  terms  applied  by  Winchell  and 
Wright  to  certain  Minnesota  felsites.  Tuff  we  all  agree  upon  as  a 
name  for  volcanic  detritus.  Augite  syenite  and  granitell  of  Irving 
(the  latter  distinguished  by  ha\ing  quartz),  granite  and  soda  au- 
gite granite  of  Bayley  and  A.  N.  Winchell  and  Grant  and  N.  H. 
Winchell,  are  names  applied  to  the  red  rock  associated  with  the  big 
gabbro  intrusives.  These  rocks  often  occur  in  pebbles  in  the  con- 
glomerate. They  correspond  to  my  augite  syenite  or  as  I  have 
called  them,  in  accordance  Anth  my  belief  that  they  stand  in  the 
same  relation  to  a  gabbro  as  an  ophite  to  a  granite,  gahhro  aplite.-^ 
The  typical  thing  is  the  dominance  of  red  and  plagioclase  feldspar. 
They  are  fully  described  in  Wright's  paper.-^ 

Quartz  keratophyre  and  granophyre  are  terms  in  Rosenbusch's 
classification  that  have  been  widely  applied  to  these  rocks.  Bayley 
foimd  them  applicable  to  some  of  his  Pigeon  Point  red  rocks,  which 


=Mournal   of   Geology  VITI,   No.    1.   p.    6.  „„  „     „         ^  ^       ho«^  ..^o 

2eReport  for  190.S,   p.  236  :  Vol.  VI,  Part  II,  pp.  72-3  ;  Report  for  1904,  p.   153. 
"Report    for   1908,    pp.    361-393. 
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he  is  inclined  to  believe  are  softened  sandstones.  The  Big  Four 
would  dub  them  syenites.  If  there  is  really  conspicuous  quartz 
they  would  term  them  granite.  Then  such  terms  as  mda  granite 
and  soda  augite  granite  are  fitting-  enough.  A\'hetlier  we  need  a  term 
for  both  augite  syenite  and  soda  granite  and  whether  gabhro  aplite 
is  a  fitting  one  remains  to  be  seen.  The  simple  term  red  rock  has 
also  been  used. 

Felsite  porphyrij  (Pnmi^elly)  feUltic  porphijrij,  (Irving),  felsite 
(Hubbard  and  Lane),  and  orthophyre,  (a  technical  Rosenbusch 
term,  Lane),  Winchell,  N.  H..  Winchell.  A.  N.,  and  Grant  would  call 
trachyte.  The  Big  Four  would  class  this  rock  as  felsite  or  feldspar 
porphyry  according  as  the  feldspar  phenocrysts  were  present  or 
not.  As  a  matter  of  fact,  a  good  deal  of  the  felsite  almost  free  from 
phenocrysts  will  be  found  -on  careful  examination  to  be  feldspar 
poiTphyry  or  feldsparphyre.  A  trachyte  for  most  writers  is  a  mod- 
ern glassy  rock.  'These  are  not.  The  tenu  orthophyre  implies  that 
the  poi-phyritic  feldspar  is  orthoc-lase,  a  thing  that  is  is  sometimes 
well  to  emfphasize.  Syenite  or  granophyre  of  Winchell  and  Grant, 
or  monzonite  of  A.  N.  Winchell,  is  probably  much  the  same  as  the 
augite  syenite  and  granite  and  granophyre  of  other  ^Tit- 
ei-s,  because  in  this,  the  red  rock  group,  the  feldspars 
are  always  nearly  balanced.  Augite  diorite  and  melaphyre  of  Pum- 
pelly,  hornhlende  and  orthoclase  gahhro  of  Iiwing,  hornblende  gab- 
bro  of  Bayley,  gabbro  aplite  ( ?)  of  Lane,  orthoclase  gabbro  of  A.  N. 
Winchell,  poi^phyritic  gabbro  of  Winchell  and  Grant,  which  A.  N. 
"Winchell  has  bracketed  together,  form  a  rather  heterogeneous 
giioup  including,  as  near  as  I  can  judge,  the  very  coarse  centers 
of  some  flows,  and  perhaps  some  of  the  dike  rocks  that  I  should 
call  gabbro  aplites,  but  I  have  often  noticed  that  next  to  them  the 
rock  in  which  they  are  injected  is  apparently  more  or  less  saturated 
with  their  magma.  This  may  be  the  rock  called  oligoclase  gal)- 
bro.  and  orthoclase  gabbro.  The  Big  Four  would  doubtless  include 
them  all  in  the  term  gabbro,  but  it  seems  hard  to  call  the  coarser 
center  of  a  flow  or  a  spot  in  the  same  a  gabbro  even  though  the 
augite  crystals  be  two  inches  across,  especially  so  long  as  the  feld- 
spars remain  very  fine.  Such  gabbros  are  difl'erent  in  appearance 
from  the  typical  plutonic  gabbro,  such  as  the  great  Bad  River  gab- 
bro that  begins  north  of  Bessemer  and  i^erhaps  extends  to  Minne- 
sota. It  is  not  really  difiicult  to  distinguish  between  them.  If  one 
character  fails  to  help,  another  will.  The  coarse  effusive  is  more 
ojien  textured  and  the  original  pores  are  coated  with  chlorite  or 
filled   with   some  secondary   mineral  which   does   not   replace  any 
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other  mineral.  Also,  the  feldspar  and  magnetite  are  often  verj'^ 
much  finer  grained  than  the  augite.  With  the  exception  of  these 
few  effiisives,-*  this  group  is  plutonic  and  corresponds  apparently 
to  the  porphyrite  and  Ashbed  type  of  effusive  of  which  these  rocks 
are  the  plutonic  equivalent.  Wright  puts  them  dowoi  on  the  Quan- 
titative Classification  as  Bohemial  auvot^gnose.  I  have  not  located 
the  reference  by  A.  X.  Winchell  to  Irving's  ortJiodasc  diabase. 
Probably  it  is  some  variety  of  the  gahbro,  Bohemial  auvergnose. 
The  real  plutonic  gabbro  has  feldspar  better  crystallized  than  the 
effusive,  owing,  I  presume,  to  the  retention  of  mineralizers  by  pi'es- 
sure.  The  quartz  dinhase  of  Bayley.  Lawson,-^  Lane,  Winchell  and 
Grant,  and  numerous  other  writers  since  Wadsworth  and  Wich- 
mann  correctly  described  these  rather  small  sized  intrusives  cut- 
ting the  Huronian  rock®  is  always  intrusive,  so  far  as  the 
"writer  knows,  and  all  agree  in  the  nomenclature.  What  the  "WTnter 
calls  diabase  nearly  every  one  would  call  diahasc.^^  The  quartz-  di- 
abase  is  in  no  sense  analogous  to  Diller's  quartz  basalt,  whei-e  the 
quartz  is  in  the  form  of  corroded  brotocrysti?.  Enstalite  and  hy- 
persthene  diabase  is  also,  so  far  as  I  know,  intrusive. —  the  Big 
Bay  occurrence  may  be  mainly  hypersthene.  No  analyses  have 
been  made  and  it  is  hardly  knoT\Ti  in  Michigan  as  a  Keweenawan 
rock. 

The  advantage  of  narrowing  the  definition  of  a  diabase  so  as  to 
include  lonly  the  tv'pically  small  intrusives,  as  suggested  by  me  in 
Volume  VI,  is  that  we  include  a  nearly  homogeneous  group  which 
nearly  all  writei-s  have  agreed  to  call  diabase.  I  defined  it  as  a 
"characteristically  intrusive,  not  too  coarse  grained  rock  of  the 
same  chemical  composition  and  es.sentially  the  same  mineral  compo- 
sition as  a  melaphyre."  The  word  '•characteristically"  is  the  ambig- 
uous one.  I  think  we  might  replace  it  now  by  saying  that  the 
rock  is  not  glassy  except  very  close  to  the  margin,  is  not 
amygdaloidal  and  there  are  no  cavities  which  show  by  concentric 
coatings  of  fibres  of  chlorite  that  they  are  the  filled  angular  pores, 
originally  filled  only  with  gas  or  water,  left  in  the  contraction 
due  to  crystallization.  The  last  mineral  formed  is  either  augite 
or  quartz  or  feldspar  or  perhaps  analcite,  etc.  The  feldspar  is 
coarse  when  compared  with  the  augite  and,  generally  within  less 

28lrving  classes  the  Eagle  River  bed  94  as  an  orthoclasc  0a1)l)ro.  But  this  is  part 
of  the  big  "Greenstone  flow  toward  the  top."  I  seriously  doubt  the  presence  of  pri- 
mary orthoclase.  '  . 

''"Minnesota  Geological  Survey.  Bull.  No.  8.  1893 ;  Canada  Survey,  T.  CC.  1886. 
3F  1890;  Canadian  Inst:  Proc.  5,  1886,  p.  177-185;  Am.  Geologist  Vol.  I,  1886:  pp. 
199-211  :    Am.    Geol.    Vol.    VII.    pp.    153-164. 

^''Koch  loc.  cit.  and  Rominger  Mich.  Geol.  Survey,  IV,  p.  145  use  the  term  dolerlte 
and  so  would  Pirsson.  If  a  fclsite  Is  to  be  called  rhyolite,  why  not  a  diabase  a 
dolerite? 
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than  four  feet  of  the  margin,  is  plainly  visible  in  lath-shaped 
crystals  a  millimeter  long.  In  distinction  from  the  typical  gabbro, 
the  feldspar  is  shaqter  than  the  augite  which  is  not  so  large,  and 
there  is  generally  a  distinctly  finer  grain  near  the  margin  which 
is  particularly  dense  in  the  diabases.  On  the  other  hand  in  the 
t\pical  gabbros  the  grain  may  be  coarser  at  the  margin  and  even 
when  it  is  fiiner,  it  may  have  solidified  originally  as  glass,  and  the 
grains  seem,  to  have  afterward  devitrified  into  a  rather  charac- 
teristic fine  grained  aggregate.  It  must  be  remembered,  however,  that 
very  many  other  writers  do  refer  to  ainygdaloidal  diabases,  and  call 
diahases  many  of  the  rocks  which  I  call  melaphyres.  Others  call 
them  basalts. 

The  terms  quartz  diorite  and  diorite  are  used  by  writers  from 
Wadsworth  on,  and  so  far  as  I  know  in  the  same  sense,  though  of 
course  the  line  between  them  and  uralitic  gabbro  will,  at  times, 
be  hard  to  draw.  It  must  also  be  remembered  that  igneous  con- 
tact metamorphism  changes  augite  to  hornblende. 

Anorthosite  is  a  term  used  by  Lawson  (as  A.  N.  Winchell  forgets 
to  note)  for  Minnesota  occurrences^^  and  by  various  Canadian 
writers.  It  is  a  Latiuization  of  Irving's  name  anortJiite  rock.  A. 
N.  Winchell  would  replace  it  by  the  term  plaffioclasite  because  the 
feldspar  is  not  always  anorthite.  But  the  anorthite  molecule  is 
largely  present.  As  it  does  not  occur  in  Michigan  except  in  peb- 
bles, so  far  as  known,  we  do  not  have  to  decide  the  controversy. 
Gabbro,  diabase,  and  melapliyre,  olivine  diaba^se  and  ophite  is  the 
rubric  at  which  there  is  most  variation  in  names.  In  the  first  place 
it  may  be  noted  that  there  is  (I  think)  no  essential  difference  in 
chemical  character  implied  by  these  names,  though  in  the  chemi- 
cal classification  some  are  II,  423,  Adamellose;  II,  534,  Andose; 
II,  535,  Beerbachose;  II,  5445,  Hessose  (many)  ;  III,  534,  Campto- 
nose;  III,  5445,  Auvergnose  (most).  This  latter  in  the  writer's 
judgment  covers  most  nearly  the  normal  composition  of  the  group 
and  Winchell  in  fact  assigns  ten  analyses  to  it.  Silica  45-49  per 
cent,  ALO3  about  10  per  cent,  CaO  about  10  per  cent,  iron  oxide 
10-13  per  cent.    These  are  the  fundamental  factors. 

There  is,  however,  a  variation  in  the  amount  of  lime  and  soda. 
The  very  same  flow  will  show  a  variation  in  different  parts  in 
which  the  calcium  oxide  will  run  from  six  to  ten  per  cent;  the 
part  last  consolidated  runs  higher  in  lime  and  seems  to  be  thus 
nearer  the  eutectic.  The  potash,  as  will  be  readily  seen  in  looking 
over  the  analyses,  is  always  less  than  the  soda  and  usually  less  than 

siMinnesota  Survey  Bull.  No.   8,   1893,  pp.   1-23. 
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3  per  cent.  The  soda  varies  somewhat  in  inverse  ratio  to  the 
lime.  The  various  places  in  which  these  rocks  are  found  in  the 
chemical  classification  are  partly  due  to  this  variation,  but  are 
also  quite  jiossibly  due  to  inaccuracy  of  analysis.  A  little  change 
by  which  the  alumina  gains  at  the  expense  of  the  magnesia,  or 
titanium  oxide  at  the  expense  of  the  silica,  makes  a  great  difference 
in  the  classification,  and  even  a  change,  which  may  be  secondary, 
in  the  condition  of  the  iron  from  ferrous  to  ferric  has  an  important 
influence.  For  this  part  of  the  classification  the  Quantitative  Class- 
ification fails  to  be  a  useful  guide  in  grouping  together  tlie  really 
important  factoi's."-  It  seems,  therefore,  that  it  would  hardly  be 
wise  for  me  in  a  report  in  some  sense  final  to  change  the  names 
heretofore  used.  I  use  the  term  gahhro  for  the  deep-seated  intrusive 
I'ocks  in  which  the  feldspar  is  usually  as  coarsely  crystallized  as  the 
augite  and  both  constituents  are  fairly  coarse.  The  last  interstices 
may  be  filled  with  quartz  or  rarely  orthoclase  or  micropegmatite 
but  are  never  empty.  Diabase  will  be  applied  to  tlie  intrusive 
dikes  and  sills  in  which  the  feldspar  is  coarser  than  the  corre- 
sponding feldspar  in  the  eft'usives  except  in  tlie  doleritic  type.  The 
interstices  are  generally  filled  with  augite  but  the  last  interstices 
or  so-called  acid  interstices,  which  I  have  fully  descnbed,^^  may 
be  filled  with  an  intergrowth  of  quartz  and  feldspar  known  as 
mia^opegmatite.  That  the  interstices  were  at  one  time  filled  with 
a  hot  solution  which  tended  to  react  on  the  pre-existing  minerals 
is  quite  plain.  The  doleritic  type  of  the  melaphyres  differs  from 
the  diabases  onlj-  in  that  the  last  interstices  are  more  likely  to  be 
filled  with  concentric  coatings  of  agate  or  chlorite  and  seem  to  have 
been  very  probably  at  one  time  gas-filled  pores.  There  may  have 
been  some  glass,  but  in  the  thicker  part  of  the  flows  the  chances 
are  against  the  presence  of  residual  glass  and  there  are  no  signs 
of  it. 

Mela/phyre  is  a  term  which  I  shall  still  api)ly,  following  the  cus- 
tom from  Macfarlane  down,  to  the  flows  which  make  up  the  great 
bulk  of  the  Keweenawan  series.  The  upper  part  is  generally  amyg- 
daloidal,  with  gas  bubbles  filled  by  secondary  minerals.  There  was, 
originally  undoubtedly  more  or  less  glass,  but  this  is  now 
largely  decomposed.  Bubbles  may  occur  anywhere  in  the 
flow  and  the  exact  width  which  one  shall  in  different 
cases  give  the  amygdaloidal  portion  is  a  very  uncertain  fac- 
tor.   It  is  not  usually  over  five  feet.    Wlien  greater  thickn^ses  are 

*''See  "Natural   History  of  Igneous  Rocks"  by  A.   Harker,  MacMillan  &  Co.    Also  his 
review  of  the  Quantitative  Classification,   Geol.   Mag.   1903,   p.   178. 
saVol.  VI,   Pt.  I,  p.  235. 
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given  it  will  often  be  found  that  the  whole  of  one  small  flow  has 
been  counted  as  part  of  the  amygdaloid.  The  upper  part  of  the 
flow  being  called  amygdalo-id,  the  central  part  will  (following  the 
miner's  usage)  be  called  trap.  In  this  more  compact  and  mas.sive 
part  the  original  characteristics  of  the  flow  are  often  more  distinct 
than  in  the  upper  part,  where  secondary'  decomposition  has  often 
gone  on  to  a  very  considerable  extent. 

The  division  of  the  melaphyres  into  gnoups  is  made  largely  upon 
the  basis  of  the  appearance  of  the  trap.  In  the  first  place,  there 
may  be  large  crystals  of  feldspar  which  seem  to  indicate  that  the 
hot  lava  from  which  the  melaphyre  came  had  started  to  crj'Stal- 
lize  under  conditions  of  very  slow  crystallization  and  very-  possibly 
before  eruption,  so  that  the  crystals  are  intra-telluric.  Such  iiocks 
Rosen busch  would  call  (if  the  feldspar  is  labradorite  as  is  often 
the  case)  lahradwite  porphyrite  and  Kemp  and  Pii-sson  would  call 
them  hasalt  porphyry,  and  in  some  cases,  perhaps,  dolerite  por- 
phyry. Streng  called  them  melaphyr  porpliyr.  The  Kearsarge  foot 
is  one  of  the  most  characteristic  of  these  labradorite  porphyrites 
(see  PI.  7,  core  from  Mandan  drillhole  18  at  90  feet),  but  simi- 
lar rocks  are  also  found  abundantly  toward  the  base  of  the  series, 
both  in  the  Bare  Hill  district  on  Keweenaw  Point  and  also  on  the 
Gogebic  Range  where  they  are  found  just  north  of  Bessemer  and 
may  be  traced  west  into  "Wiscionsin  and  east  past  the  south  end  of 
Lake  Gogebic.  They  may  be  found  also  in  the  Porcupine  moun- 
tains. 

There  is  another  kind  of  poi-phyritic  texture  which  occurs  es- 
pecially toward  the  top  of  many  of  the  flows.  There  are  in  this 
little  crystals  of  feldspar,  generally  not  more  than  one  or  two  mil- 
limeters long,  whereas  the  kind  of  which  we  have  just  been  speak- 
ing are  several  millimeters  in  length  and  sometimes  several  centi- 
meters,  even  an  inch,  in  length.  These  crystals  are  frequently 
aggregated  or  one  might  almost  say  clotted  like  curdled  milk.  I 
have  called  this  texture  glomeroporphyritic.^*  It  may  be  seen  in 
studying  a  series  of  drill  cores  from  the  same  flow  (cf.  Plate  VII), 
Ss.  1529.5  and  15381)  that  from  a  distinct  glomeroporphyritic  texture 
at  the  top  the  rock  may  pass  into  an  even  grained  texture  at  the  mid- 
dle or  there  may  be  at  the  middle  a  tendency  to  mottling  due  to 
the  occurrence  not  of  patches  of  augite  but  of  patches  of  feldspar 
which  have  grown  together.  The  texture  I  have  called  the  glom- 
eroporphyritic seems  to  be  associated  with  an  extra  amount  of 
soda.     I  do  not  think  it  is  due  to  an  intra-telluric  stage  of  crystal- 

«Vol.   VI,  Pt.   I,   p.   167. 
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OPHITIC  TEXTURE  DEVELOPING  AND  POCK  MARKED  APPEARANCE  AT  THE 
CREST  OF  THE  BLUFF  OF  THE  OLD  DELAWARE  MINE,  IN  THE  GREENSTONE 
NOT  FAR  FROM  THE  LINE  OF  MANITOU  CROSS-SECTION  (FIG.  29)  BEING  BACK 
OF  THE  OLD  DELAWARE  MINE.  TAKEN  BY  W.  J.  PENHALLEGON,  AUGUST,  1007. 
THE  WHITE  OBJECT  IS  A  SLIDE  RULE  SIX  INCHES  LONG  AND  ONE  INCH  WIDE 
AND  THE  EXPOSURE  IS  ABOUT  100  FEET  FROM  THE  BASE  OF  THE  GREENSTONE. 
REPRODUCED  FROM  THE  BULL.  GEOL.  SOC.  AM.,  VOL.  IS.  1906,  PLATE  71.  SEE 
ALSO  REPORT  FOR  1908. 
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lization,  that  is  to  say.  that  these  crystals  stai-ted  to  form  deep 
within  the  earth  and  their  formation  was  interrupted  by  the  vol- 
canic outburst,  but  rather  that  the  presence  of  so  much  soda  tended 
to  promote  their  crystallization  in  the  shape  of  andesite  feldspar 
before  the  eutectic  in  the  final  cooling,  and  before  the  lava  came 
entirely  to  rest,  perhaps,  at  any  rate  at  an  early  stage  of  crystal- 
lization.    It  is  thus  a  chemically  significant  texture.     It  may  be 
found  in  various  parts  of  the  series,  but  it  is  especially  character- 
istic  of  the  Ashbed  group  above  the  Greenstone.     This  group  I 
called  in  Volume  YI  the  ToMn  porphyrites.    They  are  very  close  to 
Rosenbusch's  'Navite  family.     (See  PI.  VII,  Ss.  15295  and  15384.) 
The  final   goal   toward  which  these  lavas  seem  to  have  tended 
in  crystallizing,  that  is  the  most  fusible  and  the  last  crystallizing 
residue,  is  at  the  same    time    a  most    common    independent  type. 
Apparently,  at  an  early  stage  there  was  a  tendency  for  olivine  to 
form,  but  at  a  later  stage  (probably  at  a  lower  temperature  when 
augite  could  form)  augite  has  taken  the  place  of  the  olivine  which 
has  been  reduced  to  coii'oded  remnants  and  has  been  crowded  ahead 
of  the  patches  of  augite.  The  feldspar  is  a  labradorite  and  lime  soda 
feldspar  of  a  composition  near  Abo  Aug  which  seems  not  to  have 
crs^stallized  as  soon  as  the  temperature  fell  to  the  point  where  it 
might  have  done  so.  as  it  does  not  become  as  coarse  in  proportion  in 
the  center  as  the  augite.     Still  it  precedes  the  augite  and  magnet- 
ite.   The  last  thing  to  crystallize  seems  to  have  been  the  augite  and 
the  composition  of  the  rock  as  a  whole  is  not  far  from  that  of 
augite,  nor  is  it  far  from  that  of  Buusens  noi-mal  basaltic  magma. 
(Table  IV,   and   Fig.   12.)     The  i-esult    is    that    relatively  small 
feldspars  lie  in  a  ground  mass  which  is  a  cement  or  matrix  of  augite. 
In  the  coarser  part  of  the  flow  the  augite  is  so  coarse  that  very  mjany 
feldspar  crystals  are  imbedded  in  one  augite  crystal.     Toward  the 
margin  the  augite  is  finer,  so  fine  that  a  granular  aggregate  of  sev- 
eral  grains   of  augite  may  make  up  the  interstices  bet^^en  the 
feldspar  (which  mainly  occurs  when  there  is  a  sort  of  transition  to 
the  glomeroporphyrltic  type  at  the  top  of  the  flow  when  the  center 
is  typiciilly  ophitic.)      This  is  the  structure  which  I  have  called 
ophitic  and  I  have  called  the  melaphyres  which  show  this  stiiicture 
ophite.     WinchelP^  is  inclined  to  object  to  this.     The  question  is 
discussed  in  the  next  chapter.     The  rocks  are  precisely  those  de- 
scribed by  Pumpelly  and  Marvine  who  noticed  the  flashing  due  to 
the  augite  cleavages  when   the  texture  is   sufficiently  coarse  and 
called  them  luster  mottled  melaphyres. 

aiiBiill.,   Oeol.    Soc.   Am.,   Vol.   20,   p.   661.    U.  S.  G.  S.  Monog.   52,   p.   398. 
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Finally,  never  as  an  independent  rock,  so  far  as  1  know,  there 
are  spots  or  streaks  or  sometimes  long  bands  in  the  larger  flows  of 
melaphyre  where  the  feldspar  is  mnch  coarser,  in  fact  all, the  crystal- 
lization is  much  coarser.  The  probabilities  are  that  these  occur 
where  the  mineralizers  of  the  original  magma  were  concentrated. 
Ther\'  might  be  called  rudimentary  pegmatites.  The  feldspar  is 
in  all  cases  much  coarser  and  sharply  crystallized.  The  augite  is 
also  not  infrequently  distinctly  crystallized,  although  its  growth  is 
more  or  less  interfered  with  by  the  feldspar.  Other  ci*ystals,  such 
as  magnetite,  hematite  and  ilmenite  also  appear.  The  interstices 
last  formed  are  commonly  filled  by  chlorite  in  concentric  coatings, 
as  though  it  had  filled  cavities  and  it  is  these  places  that  I  have 
called  doleritic  spots,  dolcritic  melapliyre,  etc.  Sometimes  certain 
whole  flows  have  an  exceptionally  strong  tendency  to  this  type 
of  texture.  The  doleritic  streaks  appear  in  numerous  places. 
In  all  such  cases  the  feldsi>ar,  owing  to  coarser  crystallization,  is 
more  conspicuous;  whether  there  is  really  more  feldspathic  mate- 
rial in  the  rock  I  am  by  no  means  sure.  I  used  the  term  dolerite 
because  as  generally  used  it  implied  coarse  feldspar.  If  the  term 
dolerite  is  to  replace  melaphyre  or  diaJjase  as  some  have  suggested, 
it  may  be  better  to  call  these  pegmatitic  melaphyres. 

The  above  will,  perhaps,  give  one  some  idea  of  the  way  in  which 
names  are  used  in  this  book.  It  is  a  common  fault  of  tbe  young 
student  in  reading  older  reports,  such  as  those  of  Douglass  Hough- 
ton or  Hubbard  to  consider  that  tbey  did  poor  geological  work 
because  they  do  not  use  the  terms  in  the  sense  in  which  he  has  been 
accustomed  to  use  them.  It  is  unfortunate,  but  it  seems  unavoid- 
able that  with  the  growth  of  our  knowledge  the  concepts  which  we 
imply  by  different  words  must  somewhat  vaiw  and  so  it  is  always 
well  to  be  careful  in  reading  an  author  that  one  knows  in  what 
sense  he  uses  terms.  In  the  earlier  geological  reports  it  was  very 
common  to  give  at  the  end  a  little  glossary  or  dictionary.  The 
abundance  of  excellent  enc^'clopedias  and  dictionaries  have  made 
this  apparently  unnecessary  in  geology,  biit  just  at  present  in 
petrography  Ave  are  in  the  transition  stage  and  are  obliged  to  re- 
vert to  the  original  usage. 

§  Z.      THE    NOMENCLATURE    OF    THE     SEDIMENTARY    ROCKS. 

The  sedimentary  rocks  bear  a  strong  resemblance  to  the  rocks  of 
the  Permian  and  Triassic  periods  to  which  they  were  originally  re- 
ferred. They  are  i)revailingly  conglomerates  and  sandstones. 
The  sandstones  even  include  a  great  variety  of  grains  of  different 
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sizes  which  are  by  no  means  wholly  quartz.  The  sandstones  are 
really  fine  grained  conglomerates.  There  are  other  rocks  of  still 
finer  grain, — red  muds  and  shales  which  occur  as  streaks  in  the 
conglomerates.  Sometimes  these  contain  considerable  white  mica. 
This  is  of  importance  because  J.  Barrell  has  recently  pointed  out  the 
the  climatic  significance  of  white  mica  in  rocks  of  this  nature,^® 

These  red  shales  often  contain  ripple  marks  and  mud  cracks.  I 
have  not  seen  anything  that  I  can  call  with  certainty  rain  prints. 
There  are  here  and  there  other  curious  markings  like  tracks  such  as 
those  fig-ured  on  Plate  V.  The  Nonesuch  formation  is  characteris- 
tically dark  gray  or  black  instead  of  red.  This  color  is  not  caused 
by  carbonaceous  matter  but  by  chlorite  or  iron  ore.  In  fact,  certain 
pieces  of  these  rocks  are  as  shiny  with  specular  hematite  as  some  of 
the  black  sands  which  one  can  now  pick  up  along  the  shores  of 
Lake  Superior.  This  kind  of  black  shale,  therefore,  which  may  be 
considered  a  characteristic  rock  of  the  Nonesuch  formation,  is  not 
to  be  likened  to  the  Devonian  black  shales  or  those  of  the  Animikie 
beneath.  In  the  region  around  Thunder  Bay  dolomites  and  dolo- 
mitic  marls  have  been  reported  from  the  Keweenawan,  but  with 
these  I  am  not  familiar  and  A.  W.  G.  Wilson  tells  me  that  their 
Keweenawan  age  is  not  certain. 

In  the  conglomerates  three  or  four  distinct  types  can  be  recog- 
nized. In  the  first  place  there  is  the  ordinary  conglomerate  with 
well  rounded  pebbles  and  a  sandy  matrix.  In  the  Great  conglom- 
erate the  size  of  the  pebbles  is  somtimes  very  great  and  they  are 
not  assorted,  yet  the  matrix  is  not  clayey  and  on  the  whole  they 
resemble  much  more  the  conglomerate  found  in  gulches  or  arroyas 
in  the'  west  or  a  beach  exposed  to  heavy  stoi-ms  than  till.  From 
these  coarse  conglomerates  there  is  every  gradation  down  to  the 
finest  and  there  are  fine  streaks  of  conglomerate  in  the  sandstone 
and  of  sandstone  in  the  conglomerate.  Usually  these  conglomerates 
contain  very  little  material  except  that  supposed  to  be  derived 
from  the  Keweenawan  formation.  The  porphyries  are  conspicuous 
among  the  pebbles.  Yet  where  the  Keweenawan  formation  ap- 
proaches the  old  land  masses,  for  instance,  north  of  the  Gogebic 
Eange,  pebbles  of  jaspilite  from  the  iron  ores  and  granite  are 
common.  So,  too,  the  conglomerates  at  Mamainse  contain  a  very 
large  number  of  "Laurentian  granites"  and  green  "Huronian"  peb- 
bles which  may  be  referred  to  the  older  rocks  which  lie  a  short  dis- 
tance further  inland. 

A  second  type  of  conglomerate,  of  which  the  Calumet  and  Hecla 

■■"•Journal   of   Geology,   1908,   p.   268. 
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conglomerate  is  the  most  notable  example,  is  composed  almost  ex- 
clusively of  pebbles,  and  these  of  such  extremely  angular  type 
that  the  rock  has  often  been  called  a  felsite  hrecda.  Credner  sug- 
gested^^ that  this  "bed  of  felsite  breccia  represented  the  upper  end 
— the  cap — of  a  felsite  porphyry  injection  which  had  penetrated 
beneath  the  beds  of  the  melaphyre  amygdaloid  following  the  same 
surface  of  separation,  had  consolidated  on  its  way  in  part  and  then 
had  been  shattered  by  the  fluid  rock  pressing  behind  and  enclosed 
by  the  same.''  He  expected  that  further  opening  of  the  Calumet 
and  Hecla  mine  would  show  a  transition  of  the  breccia  into  a  mas- 
sive felsite  porphyry  and  that  perhaps  the  point  would  be  found 
where  it  would  appear  as  a  dike  crossing  the  bedded  rock.  This 
expectation  has  not  been  realized  for  the  conglomerate  as  it  is  fol- 
lowed passes  into  other  types  of  more  common  sedimentary  con- 
glomerates. If,  however,  he  had  left  out  the  word  "enclosed"  and 
supposed  that  it  were  derived  from  the  shattering  of  a  superficial 
projection  like  the  spine  of  Mt.  Pelee,  which,  of  course,  had  not 
come  into  existence  at  the  time  he  wrote,  there  would  have  been 
something  to  be  said  in  favor  of  his  view,  for  beneath  the  Calumet 
and  Hecla  conglomerate  to  the  southeast  on  the  property  of  the 
Torch  Lake  Company  a  quartz  porphyry  has  been  found  which 
seems  to  be  truly  intrusive  and  there  are  also  felsites  and  this 
quartz  porphyry  appears  to  be  the  source  of  very  many  of  the 
pebbles  of  the  Calumet  and  Hecla  conglomerate,  although  it  is  not 
uncommon  to  find  pebbles  of  other  types  and  more  rounded  forms 
belonging  to  more  basic  and  softer  beds.  It  seems  on  the  whole 
best  to  explain  these  breccias  by  the  well-known  tendency  of  felsites 
to  break  up  into  angular  blocks.  Anyone  who  has  attempted  to 
trim  out  a  good  sized  specimen,  knows  how  difficult  it  is  to  get  one 
of  any  size  owing  to  the  tendency  to  break  up  into  angular  pieces. 
If  we  suppose  that  the  conglomerate  is  due  largely  to  weathering 
and  has  not  been  transported  very  far  this  will  account  for  the 
angularity  of  the  breccia  and  this  is  what  seems  indeed,  to  be  the 
case,  for  within  two  miles  of  the  Calumet  mine  proper,  the  con- 
glomerate has  changed  its  looks  entirely  and  passed  into  the  next 
type  which  we  shall  consider,— the  amygdaloid  conglomerate.  This 
transition  was  also  found,  I  am  informed,  in  part  of  the  workings 
of  the  Tamarack  Junior. 

The  third  type  of  conglomerate  is  that  which  has  been  sometimes 
called  Ashhed  and  which  was  called  by  my  predecessor.  Dr.  Hub- 
bard, amygdaloid  conglomerate.    On  the  whole  for  popular  use  the 

3-X.    .Tahrhufh   f.   Min.    1809. 
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latter  seems  to  be  a  satisfactory  name  because  it  gives  at  once  its 
characteristic  feature.  It  is  a  bed  of  conglomerate  in  wliicli  tlie 
pebbles  are  amygdaloidal.  (See  PI.  II  B  and  Sp.  20485  of  PI.  VII.) 
The  matrix  is  generally  a  red,  fine  grained  material  which  may  be  to 
some  extent  decomposed  ash  and  to  some  extent  decom])osed  mela- 
phyre.  In  some  places  the  fragments  of  amygdaloid  appear  to  be 
derived  by  erosion  from  the  top  of  an  amygdaloid  bed,  but  in  many 
cases, — in  fact  I  think  most  cases,  they  appear  to  be  rather  scoria- 
ceous — the  irregular,  rough,  open  clinkery  blocks  of  the  upper  part 
of  a  bed  of  lava  of  the  aa  type.  In  many  ca.ses,  indeed,  these  pass 
down  into  an  underlying  bed  so  gradually,  and  the  red  matrix 
which  cements  the  conglomerate  proi>er  may  extend  into  cracks  into 
the  underlying  lava  so  far  that  if  one  is  studying  drill  hole  samples 
only  it  is  impossible  to  tell  Avhere  tlie  amygdaloid  conglomerate 
ends  and  the  lava  underneath  begins.  For  this  reason  I  called  them 
in  Volume  VI  of  my  report  scorkic&O'Us  conglomerate  and  the  name 
tutf  is  not  unfit,  but  as  they  occur  so  often  in  connection  with  the 
amygdaloids  and  as  a  given  lode  may  in  one  place  be  an  amygda- 
loid and  elsewhere  assume  the  appearance  of  amygdaloid  conglom- 
erate there  are  some  advantages  of  continuitj'  in  names  in  using 
the  term  amygdaloid  conglomerate  w^hich  I  shall  therefore  retain. 
This  is  especialh'  true  because  some  of  the  earlier  writers  seem  to 
have  lumped  together  the  amygdaloids  and  amygdaloid  conglomer- 
ates and  the  gradual  transition  from  one  to  the  other  is  the  reason 
why  man}'  were  inclined  to  think  that  the  amygdaloid  itself  might 
be  some  sort  of  metamorphosed  sediment. 

In  a  few  cases  I  have  seen  beds  in  which  most  of  the  bed  or  a 
good  part  of  it  was  this  fiine  red  shale  which  may  have  been  orig- 
inally red  mud  but  was  mixed  with  an  amygdaloid  of  a  peculiar 
type  extremely  full  of  bubbles,  so  much  so  that  it  seemed  derived 
from  a  pumice,  fragments  of  which  can  easily  be  imagined  to  have 
floated  along  with  the  stream  and  settled,  becoming  thus  scattered 
through  the  red  bed  of  fine  material.  In  the  Victoria  mine  cross- 
cut there  was  a  fine  opportunity  to  stud}'  such  conglomerate.  I 
have  felt  the  need  of  a  somewiiat  different  term  than  either  of  the 
terms  previously  used,  and  so  I  have  used  the  term  pumiceoiis  con- 
glomerate, really  a  highly  amygdaloidal  conglomerate  with  a  great 
deal  of  cement.  It  must  be  of  course,  understood  that  as  with  all 
sedimentary  beds  these  different  beds  are  very  likely  to  pass  into 
eacli  otlier  and  to  show  every  gradation.  At  the  same  time  a  pe- 
culiar litliological  character  may  be  characteristic  of  one  bed  for 
a  ( oiisiderable  distance. 
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§  4.      METHODS  OF  STUDYING  CHEMICAL  RELATIONS. 

(1)  Tlic  Quantitative  Classification.  As  we  have  above  men- 
tioned, some  years  ago  there  was  prepared  by  a  group  of  leading 
American  students  of  rocks  a  system  of  classification  dependent 
solely  upon  chemical  composition.  As  A.  N.  WinchelP^  has  re- 
cently determined  according  to  this  classification  the  position  of 
all  the  Keweenawau  rocks  of  which  chemical  analyses  have  been 
made,  it  will  not  be  necessary  for  me  to  repeat  his  work.  I  have, 
hoAvever,  summarized  his  table,  and  since  many  who  read  this  re- 
port will  not  have  the  definitions  of  the  different  terms  at  hand 
we  repeat  them  from  the  original  publication  in  so  far  as  it  is 
necessary  to  make  clear  the  relations  of  the  diffei*ent  Keweenawau 
rocks. 

CORRELATION  OF  NOMENCLATURE  OF  KEWEENAWAN  IGNEOUS 
ROCKS  WITH  QUANTITATIVE  CLASSIFICATION.     AFTER 
A.  N.  WINCHELL. 

All  rocks  are  in  Subclass  1  for  which  corundum  and  zircon<l-7  of  the  rock. 
Class  I.     "Persalane."     Quartz  and  feldspar  >  7-8  of  rock. 
Order  3.  Quartz  >  .3-5  of  feldspars  but  <  5-3. 
Rang  1.     "PeralkaHc,"  alkalis  >  7  CaO. 

Subrang  2.     "Dopotassic."     7  >  K  ,0  :  Na  jO  >  5  :  3. 
"Magdeburgose"  =  felsite    J.  Hubbard,  p.  28. 
Rang  2.     "Domalkalic,"  alkalis  <  7  CaO  but  >  1.6  CaO. 

Subrang  3;  Sodipotassic  5  :  3  >  K  jO  :  Na  .0  >  3  :  5. 

"Te/iomo.se"  ^Mt.   Houghton   felsite   17193  A,  Hubbard, 
p.  42,  silicified. 

Order  4.     "Britannare,"  quartz  not  so  high,  3  :  5  ^>  Quartz  :  Feldspar 
>  1  :  7. 
Rang  1.     "Peralkalic,"     "Liparase."     K ,0  -f-  Na^O  >  7  CaO. 

Subrang    1.     "Perpotassic"    K  p  >  7    Na^   "Lebachose,"    felsite 

No.  16951. 
Subrang  3.     Sodipotassic.      K  ^O  between  1.6  and  0.6  Na,0. 

Liparose  Pigeon  Point  soda  granites  and  keratophyres 

of  Bayley. 
Cf.  Mt.  Bohemia  red  rock  and  gabbroaplite. 
Same  Subrang  but  Rang  2  (domalkalic-alkalis)  between  7  and  1.6  CaO. 
"Toscanose"  another  of  Bayley's  keratophyres. 

Order  5.     "Canadare."     7  quartz  <  feldspar. 
Rang  4.     Docalcic,  "Labradorase."     CaO  between  1.6  and  7  alkahs. 

Subrang  3.       Presodic,    Labradorose,  K /)  <C0.6    NajO,    Winchell's 
Plagioclasite  or  Lawson's  Anorthosite. 
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Class  II.     Dosalane  and  Dosalone  quartz  and  feldspar  >  |  of  rock. 

Order  4.     "Austrare"  quartz  between  3-5  and  1-7  of  feldspar. 
Rang  2.     Domalkalic,  Dacase  alkalis  between  7  and  5-3  of  CaO. 

Subrang  3.      Sodipotassic  Adamellose.     Pigeon  Point  red  rock.     Bull. 
109,  U.  S.  G.  S.,  p.  56. 
A  quartz  diorite  produced  as  a  contact  effect  of  a  gabbro 

intrusion? 
Same  but  Rang  3  or  2,  Subrang  4  dosodic.     Mt.  Bohemia 
Tonalose  Dacose  of  Wright,  a  red  rock  also  associated 
with  gabbro.      ("Wet  eutectic"  ?). 

Order  5.     "Germanare."     .4//  subrang  4  or  5  dosodic  Na  .,0  >■  5  :  3  K  ,0  or 
persodic  >  7  K  oO. 
Rang  1.     Peralkalic  Umptekase  and  Umptekose,  Felsite  PorphyriteG  Kewee- 
naw Point,  Hubbard,  p.  26,  17039,  17007. 
Rang  2.     Domalkalic  Monzonase  and  Akerose  Porphyrite,  Hubbard  p.  25, 

Bed  E,  diabase  porphyrite,  Irving,  pretty  near  Ashbed  type. 
Rang  3.     Alkalicalcic,  alkalis  between  1.6  and  0.6  of  CaO  Andase  and  And- 
ose.  Isle   Royale,  p.  215,  Nos.  15515   and  15519,   Lane;  and    the  Duluth 
hornblende  gabbro,  Streng;  and  Winchell;  Eagle  River  87  Ashbed  type. 
Subrang  5  to  4  Dosodic  to  persodic,  andose  or  beerbachose  Duluth 
melaphyre — porphyrite  of  Streng,  N.  J.,  1877,  pp.  48 
— 117   and   Baptism  River  Gabbro,  Minn.  Bull.  2,  pp. 
75-79. 
On  the   line  between   Order  4   and   5,   placerose — beer- 
bachose, rang  3,  subrang  5.     Quartz  just  about  1-7  of 
feldspar,    alkali    calcic    persodic.     Quartz    gabbro    of 
Little  Saganaga   Lake,  Minn.     A.   N.   Winchell,   Am. 
Jour.  Sci.,  XXVI,  1900,  p.  374. 
Order  5   rang  3   subrang  5  beerbachose  Isle  Royale  por- 
phyrite (Ashbed  or  melaphyre  porphyrite)  15537,  same 
bed  as  the  "He.ssose"  15533. 
Rang  4.     Docalcic  Hessase  and  Hessose. 

Subrang  3  Presodic,  Na20>5-3  K,0. 

Diabase   Sweet,   Wis.    Ill,    p.   350.     Douglas   Co.,    Wis; 
Quartz  diabases,  Sharpless,  Mich.,  1892,  pp.  134-141; 
Pigeon  Point  Gabbro,  Bayley,  p.  61,  and  Jour.  Geol.  I, 
p.  712;  porphyrite  15533,  ophite  15523. 
Olivine  gabbro  and  diabase.  Birch  Lake,  Minn.,  A.  N. 
Winchell,  Am.  Jour.  Sci.,  1900,  p.  374. 
Typical  Keweenawan  melaphyres  are  just  about  on  line  between  Hessose 
and  Auvergnose. 

Class  III.      Salfemane  and  (subcla.ss  1)  salfemone.  with  one   doubtful  exception's 
also  all  of  Order  5,  i.  e.  Quartz  1  :  7  feldspar,  all  4  dosodic  or  presodic. 
Rang  3.     Alkalic  calcic. 

Order  4.     Vaalare  quartz  >  1-7  but  3-5  feldspar. 

Vaalase  andVaalose  diabase  granophyrite,  i.  e.  quartz  diabase,  Sharpless, 
1892,  p.  134. 

""A  slight   increase  In  alumina,   within  limits  of  anal.vtical  error  would  In-ing  it  into 
Order  5   and   perhaps   into   the   Ilessoses. 
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Bang  (2  or)  3. 

Subrang  4.     (Kilauose)  Camptonose. 

Ashbed  diabase  Bed  65,  Eagle  River,  Steiger  for  A.  N. 
Winchell,  Jour.  Geol.  1908,  p.  772. 
Rang  3.     Duluth  orthoclase  gabbro  basic  part  by  A.  N.  Winchell  and   bottom 

of  Bed  87,  Eagle  River.     Cf.  andose  by  Steiger. 
Rang  4.     Auvergnose  most  common  t>T3e  ophites  "drj'  eutectic"?,  Mt.  Bohe- 
mia, St.  Mary's  Core,  Greenstone  by  Steiger,  and  Duluth  Trocto- 
lite  for  A.  N.  Winchell,  J.  G.,  1900,  p.  374;  lower  part  Bed  64 
(?  Pumpelly),  Lighthouse  Point  and  other  diabases. 

Class  IV.     Dofemane.     feldspar  <  3  -  5  but  >l-7-l-lof  rock. 

Subclass  1.    P(yroxene),  O  (livine)  M  (agnetite)  >  7  -  1  -  1  of  rock  (patite.) 

Order  1.     Hungarare  Pyroxene  and  Olivine  7  >  iron  ores,    Minnesotiare. 
Rang  1.     PermirUc.     CaO  +  MgO  +  FeO  >  7  Na^O. 
Section  1  Permiric  MgO  +  FeO  >  7  CaO. 
Subrang  2.     Domagnesic.     MgO  :  FeO  <  7  >  5-3. 

Cookose.     Hypersthene  gabbro  by  Stokes  for  Bayley 
7036. 

(2.)  OsaiDi's  Chemical  Classification.  It  may  be  advisable  also 
to  give  some  account  of  the  latest  and  most  elaborate  German 
classification,  especially  as  Prof.  A.  Osann  of  Freiburg,  the  author, 
has  named  one  of  his  types  of  gabbro  the  Eciccoiaic  ti/pc,  although 
curiously  enough  by  some  oversight,  analyses  159  and  100  which  are 
the  same  as  8786  and  8589  of  Bayley's  paper*"  are  not  really  "from 
the  Keweenaw  peninsula,"  but  rather  from  the  Keweenawau  of 
Minnesota.*^ 

Professor  Osann's  chemical  classification  is  found  in  a  series 
of  pa'pere.*-  For  his  purjjose  he  divides  the  analyses  of  the  rock  up 
into  molecules.  This  is,  indeed,  the  method  adopted  by  almost  all 
Avriters  treating  of  the  subject.  He  excludes  the  water  and  carbon 
dioxide  as  probably  secondary,  then  adding  up  the  figures  obtained 
by  dividing  the  percentage  of  the  molecular  weights  of  the  different 
molecules  obtains  a  number  which  is  usually  not  far  from  1.5.  Di- 
viding by  this  number  and  multiplying  by  100  one  obtains  numbers 
which  represent  the  percentages  of  the  different  molecules  or 
atomic  groups  into  which  the  rock  may  be  divided.  The  silica, 
with  whatever  little  titanium  and  zircon  may  be  there,  he  repre- 
sents by  a  small  s,  the  alkalis,  mainly  soda  and  potash  by  A.  Sub- 
tracting from  the  alumina  an  amount  equal  to  the  alkalis  gives 
a  residue  which  is  supposed  to  be  combined  with  lime.  It  is  called 
C.  The  balance  of  the  lime  and  all  the  rest  of  the  molecules  of  ele- 
ments not  already  mentioned  are  grouped  as  F.     Inasmuch  as  to 

•■•".Tourual  of  Geologj',  Vol.  1.  p.  712. 

■^'Journal   of   Geology.   Vol.    XVI.   p.    774. 

■^■-Tschermak's    Mineralog.    uiul    potrographisclu-    Miltheilunjion.    XIX,    XX.    ami    XXI. 
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every  molecule  of  alkalis  and  all  the  molecule  C  there  is  a  mole- 
cule of  alumina  as  well  as  one  of  base,  we  find  that  all  the  mole- 
cules of  the  rock  jua}'  be  summed  up  in  the  expression  s-|-2A+2C-|- 
F=100.  Then  for  plotting  he  used  trilinear  coordinates  like  those 
of  Fig.  13  and  a,  c,  f,  which  stand  in  the  same  relation  to  each 
other  as  A :  C :  F.  but  are  diminished  so  that  a+cH-f=20.  He  also 
uses  two  other  symbols.  Of  these  n  is  the  ratio  of  soda  to  ]>otash. 
Finally  if  we  supjwse  that  the  mx>lecule  A  is  all  used  up  in  orthochise 
or  albite  (Na,  K)  AJ  Sig  Og,  and  the  m.olecule  C  in  anorthite  Ca 
Al  Si„  Og,  and  that  the  rest  of  the  molecules  have  at  least  one  of 
silica  we  find  that  it  will  take  6A+2C+F  of  silica  to  combine  with 
these  other  molecules  in  the  various  minerals.  This,  however,  is 
not  in  reality  strictly  the  case,  for  in  most  rocks  there  is  some  iron 
combined  as  hematite  and  magnetite.  Nevertheless  the  ratio  of  the 
amount  of  silica  present  to  the  sum  given  gives  one  a 
pretty  fair  idea  whether  the  silica  is  much  more  or  much  less 
than  the  amount  required  to  turn  basic  molecules  into 
the  minerals  of  the  silicate  family  in  which  they  most  natu- 
rally occur.  Consequently  he  denotes  the  ratio  of  s:6A-|- 
2C-fF  by  k.  It  -nWII  be  recognized  at  once  that  there  is  a 
certain  general  resemblance  in  Osann's  and  the  Quantitative 
Classification.  Roughly  speaking,  f  and  F  will  be  proportional  to 
the  femic  constituents  of  the  Quantitative  Classification;  k  will 
h;ive  some  relation  to  the  different  orders  of  the  chemical  classifi- 
cation. The  ratio  of  A  :C  corresponds  to  the  rangs  therein  and  the 
ratio  n  to  the  subrangs.  The  dominant  type  of  the  Keweenawan 
basic  rocks,  which  is  also  by  far  the  most  wide  spread,  is  what 
Osann  calls  the  Keweenawan  gabbro  type.  The  type  formula  (Fig. 
13)  he  gives  Sg^  a^  c^  f^^.  For  Bayley's  analysis  8786, — the  nor- 
mal gabbro  which  is  so  wide  spread  in  Minnesota, — the  formula 

IS   SsQ.SO    A2.45    ^-11. 00     -T  22-21    'I'l-S    Cg    Il2'5    ^9.1. 

Tt  is  interesting  to  notice  how  closely  this  corresponds  to  the 
fonnula  of  the  backbone  of  Keweenawan  Point, — the  Greenstone 
and  the  St.  Man's  core  ophite  (Sp.  20018,  PI.  VI)  is  not  very  far 
from  the  Keweenawan  type,  being  Sg^.o  slo-s  Ce-a  fn-is-  Hi^  effusive 
types  that  have  a  and  f  similar,  like  the  Rogat  or  Macomer  type 
have  slightly  more  silica. 

Of  course,  all  these  different  classifications,  while  they  have  value 
as  systems  of  pigeon-holes  enabling  us  to  find  similar  analyses  by 
difl'erent  authors,  have  back  of  them  also  the  desire  to  express  the 
chemical  relationships  and  these  can  often  be  best  given  graphically. 
(Figs.  12  and  13.)     Other  methods  of  writing  the  composition  of 
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a  rock  in  condensed  form  have  been  proposed  notably  by  Levy 
and  Becker.  Some  of  Levy's  ai*e  exceptionally  ingenious  but  as 
the  forms  are  rather  complex  for  the  printer  I  have  omitted  to  sum- 
marize them  here.  The  use  of  diagrams  to  express  the  composition 
of  the  igneous  rocks  has  also  been  a  matter  of  development.  Prob- 
ably the  best  plan  is  that  of  Brogger  as  modified  by  Levy-,  Hobbs 
and  Iddings.  Both  Tddings  and  Osann  also  express  the  chemical 
relation  of  -the  rock  by  reference  to  a  system  of  co-ordinates 
(Figs.  12  and  13)  and  tlien  to  express  the  minor  factors  Iddings 
adds  a  diagram  whose  center  is  determined  by  the  co-ordinates. 
Almost  all  such  attempts  use  the  silica,  which  is  the  largest 
constituent  in  all  the  rocks  we  are  considering,  as  abscissa.  Iddings 
uses  the  molecular  ratio  of  alkalis  to  silica  for  the  ordinate.  The 
position  of  some  of  the  Keweenawan  rocks  on  Idding's  plan  is  shown 
in  Fig.  12. 

F 


Fig.  13.  Illustrates  Oeann's  method  of  plotting  analyses  and  their  relations  to 
albite  or  orthoclase  (Lower  left  hand  corner  A),  anorthite  (lower  right  hand  comer 
C),  ferro-magnesian  minerals  (at  the  vertex  F).  The  center  of  the  circle  is  de- 
termined by  the  ratio  of  A  :C  :F  in  the  analysis.  Given  in  order  from  apex  they  repre- 
sent : 

Bunsen's    normal    pyroxene    magma. 

Analysis    of    15.515,    a    sodic    melaphyre. 

(Isann's   Keweenawan   type   of   gabljro. 

A   lime  melaphyre  or  ophite.  20618. 

The  red  rock  of  Mt.  Bohemia  described  by  F.  E.  Wright  as  an  oligoclase  gabbro 
aplite. 

Bunsen's    normal    trachytic    magma. 
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It  will  be  noticed  that  the  commonest  types,  the  ophites,  are  not 
very  far  from  the  central  valnes  given  by  the  diagram. 

Osann  in  his  diagrams  (cf.  Fig.  13)  locates  the  position  of  the 
dot  representing  the  rock  by  the  ratio  of  A:C:F.  In  both  diagrams 
the  granites  are  fonnd  in  the  lower  left  hand  part  bnt  in  Osann's 
diagrams  the  extremely  feniic  rocks  are  at  the  top  whereas  in 
Idding's  diagrams  they  are  at  the  lower  right  corner.  The  di- 
vergence of  what  may  be  called  extra  alkaline  rocks  from  normal 
alkaline  rocks  is  not  as  well  shown,  perhaps,  in  Osann's  diagrams. 

§  5.      FAMILY    RELATIONSHIP    OF     KEWEENAWAN    ROCKS. 

The  subject  of  consanguinity  has  been  lately  of  much  scientific 
interest.  By  consanguinity  is  meant  the  relationship  between  dif- 
ferent rocks  due  to  their  derivation  from  the  same  molten  mass. 
In  studying  the  consanguinity  of  rocks  it  is  best  to  group  the 
analyses  in  some  of  the  diagrams  mentioned  above,  and  determine 
which  components  vary  most  widely  and  the  nature  of  the  varia- 
tions. We  find  that  certain  oxides  are  co-variants.  They  probably 
occur  in  one  molecular  compound  in  the  rock  magma.  Other  rela- 
tions are  relatively  invariant  throughout  the  group.  The  invariant 
relations  are  the  marks  of  consanguinity.  Still  other  oxides  will 
be  found  to  be  complementary.  The  chemical  differences  between 
them  in  these  cases  may  be  due  to  the  fact  that  one  represents  a 
"pavt  of  the  magma  which  crystallized  before  the  other,  due  to  its 
lower  fusibility.  Secondly,  differences  may  be  due  to  the  settling  of 
the  heavier  molecules  under  the  action  of  gravity  either  before  or 
after  they  crystallized  out.  This  seems  to  account  for  the  marked 
differences  in  composition  in  many  of  the  lava  flows  where  the  lower 
part  is  darker  and  less  feldspathic  than  upper  parts.  Thirdly, 
the  differences  may  be  due  to  the  absorption  and  solution  of  ma- 
terial from  the  adjacent  rock,  i.  e.,  assimilation.  I  have  often 
wondered  if  some  of  the  melilite  basalts  were  not  produced  thus, 
by  the  assimilation  of  limestone,  since  melilite  is  largely  produced 
in  the  slags  formed  in  smelting  copper  where  limestone  is  added 
to  the  ground-up  melaphyre.  None  of  the  Keweenawan  rocks  seem 
to  have  over  18  per  cent  of  calcium  oxide.  The  melilite  rocks  com- 
monly exceed  this.  R.  A.  Daly  has  given  us  some  most  suggestive 
facts  in  this  direction  and,  if  we  accept  the  results  reached  by 
Bayley,  in  fusion  and  absorption  was  the  origin  of  some  of  the 
rocks  at  Pigeon  Point — rocks  not  unlike  those  found  at  and  near 
Mt.  Bohemia. 

One  thing  to  which  Ilarker*^  calls  attention  is  well  worth  noting. 

•^''"Natural    History   of   Igneous   Rocks,"    p.    118. 
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If  rocks  have  any  such  serial  relationship,  their  relation  can  be 
expressed  by  a  diagram  (such  as  Fig.  14)  in  which  some  one  con- 
stituent is  taken  as  an  ordinate  and  all  the  others  as  abscissas  whose 
ends  will  form  a  continuous  cui've.  If,  for  example,  any  series  of 
rocks  is  made  by  different  mixtures  of  two  tyi)es,  as  for  instance, 
Bunsen's  nonnal  trachytic  and  normal  basaltic  magma  (Table  4, 
Xos.  1  and  3,  Figs.  13  and  14)  or  if  they  are  made  by  the  gradual 
separation  into  two  types,  or  if  they  are  made  by  the  solution  of 
one  kind  of  rock,  say  of  quartzite,  by  one  kind  of  magma,  we  should 
lind  fairly  straight  lines.  If,  on  the  other  hand,  more  than 
two  different  kinds  of  rocks  or  splitting  actions  had  been  concerned, 
we  should  not  find  the  same  regularity.  The  mixtures  of  three 
rocks  could,  however,  probably  be  expressed  by  a  continuous  sur- 
face. 

It  will  appear  from  the  tables  of  analyses"  that,  on  the  whole, 
the  Keweenawan  igneous  rocks  as  shoA^^l  by  these  analyses  are  con- 
sanguineous,— belong  to  one  family  which  probably  extends  more 
widely  than  might  at  first  be  thought,  since  if  we  compare  these 
analyses  with  analyses  from  the  Cobalt  region  we  find  very  great 
similarity.  Among  the  characteristic  features  may  be  noted  the 
following  •^■'  The  soda  dominates  over  the  potash  except  in  the 
extreniiely  siliceous  rocks  and  the  potash  is  remarkably  low.  Free 
quartz  is  not  abundant  and  so  in  classes  1,  2  and  3  rocks  of  order 
5  dominate  rather  than  4.  There  is  no  extra  aluminous  rock  such 
that  the  alumina  can  not  be  combined  with  the  alkalis  and  lime 
nor  are  there  any  ultra  alkaline  rocks.  The  iron  is  decidedly  high. 
Is  this  connected  with  absorption  from  the  iron  formations  beneath? 
In  many  respects  they  approach  pretty  closely  the  normal  series 
described  by  Bunsen.  There  is  some  reason  for  believing  that  a 
certain  ani|ount  of  strontium  is  rather  characteristic  among  the  rarer 
bases.  This  is  suggested  not  by  the  analyses,  but  by  the  fact  that 
Lake  Superior  water  contains  strontium  and  that  strontium  sul- 
phates seem  to  be  widely  distributed  in  some  of  the  later  forma- 
tions of  the  region. 

A  notable  thing  is  that  the  commonest  type  is  the  auvergnose 
and  perhaps  no  rOck  is  known  which  contains  less  silica  and  alkalis. 
Thus  Iddings'  statement  that  in  general  the  ''commonest  rocks 
are  like  the  average  of  all  known  rocks,"  certainly  does  not  apply 

"On  September  2,  1910,  after  this  report  was  written  (in  Science  XXXII,  p.  313) 
F.  F.  Oront  published  some  excellent  analyses  of  the  Minnesota  Keweenawan.  The 
reader  is  earnestly  requested  to  refer  to  them,  finding  in  Grout's  No.  4  a  typical 
ophite — 10%  lime  melaphyre,  and  in  No.  7  an  average  of  Keweenawan  rocks,  which 
curiously  has  the  same  "percentage  of  copper  shown  by  the  Clark-JNIontreal  sludge 
analyses.  Grout  also  gives  analyses  of  a  number  of  minerals,  of  which  the  chloritic 
minerals    are    of    especial    interest. 

■^scompare  especially  with  Ihe  group  analyses  40  and  41  of  Daly  (Proc.  Am.-  Ac. 
Arts   and    Sciences,   Vol.    XVL    (1910)    p.   224). 
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to  the  Keweenawan  group.     Perhaps  we  might  connect  with  this 
another  fact,  that  practically   none  of  the  iron    and   magnesia   has 
been  concentrated  by  ditferentiation  into  ultra  basic  rocks.    A  corre- 
lated fact  is  that  although  the  analyses  are  all  above  the  line  (Fig. 
12),  1  suggested  as  the  eutectic  trough  for  the  ratio  of  alkalis  to 
silica,  ultm  alkaline  nephelitic  Keweenawan  rocks  are  almost  un- 
known.    The  acmite  syenite  cutting  the  Virginia  slates*«  and  pos- 
sibly the  rocks  referred  to  by    AdanivS*'  are  the   nearast  to  excep- 
tions.    Occasionally    an    analysis  may   (like    Bed  87  of  the  Eagle 
Eiver  section)  tigure  out  a  little  nepheline,  but  I  hare  never  recog- 
nized any,  though  secondary-  aualcite  occurs.     Now  it  is  suggestive 
that  while  the  Keweenawan  analyses  come  above  this  line  which 
I  suggest  as  somewhere  near  the  eutectic  line,  in  the  commonest 
or  auvergnose  tyi)e  there  is  little  tendency  to  porphyritic  texture. 
Nor  is  there  much  difference  apparently  in  the  age  of  the  different 
constituents.    The  augite  is  commonly  the  last,  yet  only  slight  dif- 
ference in  composition  seems  to  make  a  difference  in  the  order  of 
formation  of  the  dift'erent  ingredients.     At  any  rate  there  is  an 
overlap  in  their  formation.     Of  the  three'  principal    ingredients, 
labradorite.  magnetite  and  augite  the  labradorite  is  the  first  to 
forai.  the  augite  the  last  in  the  flows  and  smaller  dikes,  while  in 
deeper  intrusives  where  mineralizers  had  a  part  to  play  the  order 
becomes  very  obscure.     We  may  connect  this,  as  I  mention  later, 
with  the  retention   or  loss  of  some  mineralizer  which  like  water 
has  a  strong  tendency  to  keep  silica  in  solution.     But  while  the 
Keweenawan  family  magma  seems  to  stand  on  the  sodic  side  of 
the  eutectic  line  or  valley,  it  can  not  be  far  from  it,  since  we  do 
not  find  any  ultra  alkaline  rocks  nor  is  the  total  proiwrtion  of 
alkaline  or  acid  rocks  at  all  great  compared  \\'ith  the  volume  of 
the   average    auvergnose.     The   Keweenawan    family    magma    may 
then  be  characterized    as    anchi-eutectic,    using    Vogt's    term,  but 
slightly  more  sodic  than  the  eutectic  and  super-heated.     While  it 
hardly  seems  wise  to  go  into  extensive  comparison  of  similar  rocks 
which  are  wide  spread,  yet  it  does  seem  worth  while  to  call  atten- 
tion to  the  fact,  as  others  have  done  before,  that  the  Post-Huronian 
intrusives  which  have  played    such  a  part    in    the  mineralization 
around  Oobalt  and  Sudbury  in  Canada,  not  only  seem  to  be  of  the 
same  age  as  the  Keweenawan  but  of  the  same  general   chemical 
type  (as  may  be  seen  by  comparing  a  page  of  analyses  of  them  from 
Gowganda  which  T  owe  to  :Nrr.  Bowen  and  from  the  Sudbury  regions 
which  is  taken  from    Coleman    and  Walker's  papei-s." 

*«Report   for  IftOS.   p.   394.      Also  Winchell.   M.   11.     Pioc.   L..   S.,  M.   J. 

^'.Tournal   of  (ieoIOK.v,   VIII.    (1900)    p.   .-522  . 

**OmittofI.  Sep  P.owen-s  paper.  .lournal  of  Canadian  ^^'"'"ff  I'lf^itute.  1909.  p.  .31^. 
See  also  K.  K.  Ilore.  .1.  G.  1910.  p.  274.  T.  L.  Walker.  Q.  -T;.  0.^,1  Sec.  LIII  (189/) 
pp.   56.  and   O-"^.      A.   P.   Coleman.  Jour.   (Jeol.   XV    (1907)    pp.    .lO-.SL. 
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The  euTt'ctit--  liiie^'  of  Fiiiure  12.  it  may  Ik'  remembered.  I  sug- 
gested as  i)erliajks  oue  of  balance  between  the  alkalis  and  silica 
(in  the  presence  of  other  bases  also  and  probably  water),  for  it  is 
a  well-known  fact  that  the  alkalis  help  to  keep  silica  in  solution. 
It  is  probably  not  located  with  great  accuracy  and  indeed  must 
varv-  with  the  proportions  of  other  molecules,  but  the  grouping  of 
analyses,  collected  with  no  such  thought  by  Iddings.  seemed  to  show 
quite  plainly  that  the  dots  representing  rocks  were  arranged  along 
such  a  line  or  trough  especially  toward  the  more  siliceous  end. 
Now.  if  the  line  as  shown  in  the  diagi'am  (Fig.  12)  does  represent 
with  some  approach  to  truth  the  hypertectic  or  eutectic  trough 
it  means  that  a  rock  magma  which  has  more  silica  in  proportion 
to  its  alkalis  than  those  represented  by  the  points  on  the  line  would 
on  the  whole  have  an  excess  of  silica.  In  early  crystallization  from 
such  a  magma  sohition  we  might  expect  that  silica  would  be  re- 
moved either  by  itself  as  quartz  or  combined  with  some  other  base 
than  alkalis — and  supposing  that  base  to  be  magnesia  or  lime  which 
was  in  excess,  the  silica  also  being  in  excess,  the  base 
could  easily  have  all  that  it  could  readily  hold.  We 
should,  therefore,  be  liable  to  have  diopside  or  enstatite 
formed  or  BSiO.  rather  than  some  one  of  the  bisilicates.  As  a 
matter  of  fact  there  does  seem  to  be  a  tendency  for  rocks  which 
have  early  crystals. — rhyocrystals.— of  enstatite.  hypersthene  or 
diopside.  to  have  analyses,  points  corresponding  to  which  fall  below 
the  line.  For  instance  I  took  all  of  Washington's-"'  analyses  indexed 
under  andesite.  porphyrite.  and  diabase,  with  a  few  of  dacite.  in 
which  The  author  in  naming  the  rock  had  prefixed  enstatite.  bronzite 
or  hypersthene.  and  determined  their  position  in  the  diagram.  Out 
of  forty-three,  thirty-three  fell  below  the  line,  four  on  the  line  or 
just  above  it.  leaving  six  only  as  possible  exceptions.  Without 
discussing  here  whether  these  apparent  exceptions  are  due  to 
analytical  or  other  errors,  are  due  to  brotocrystals.  to  enclosures 
of  bronzite.  or  are  real  exceptions  for  magmas  of  peculiar  composi- 
tion, it  is  plain  that  on  the  whole  this  test  seems  favorable  to  the 
line  being  located  approximately.  It  should  also  be  expected  that 
in  such  rocks  with  plenty  of  SiO.  there  should  not  be  so  much 
of  a  tendency  to  form  FeO  Fe.O,  as  FeO  SiO.  and  Fe.Og.  Tliis 
may  also  be  trtie  and  would  give  them  a  red  appearance.  On  the 
other  hand,  if  a  magnesian  base  existed  in  excess  and  was  ready 
to  crystallize  and  the  silica  was  deficient  with  regard  to  the  alkalis 

*»0r  trough.  If  on  Fig.  12  perpendiciilar  to  the  paper  lines  to  represent  fusibility 
were  erected,  the  surface  joining  the  upper  ends  of  the  lines  should  have  a  valley 
or  trough   along   that   line. 

^Analyses  of   igneous  rocks,  t".    S.   Geol.   Surrey   Professional   Paper  No.   14.   1903. 
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the  tendency  then  would  naturally  be  that  the  base  would  take 
as  little  silica  with  it  in  crystallizing-  as  it  could,  so  that  we  should 
find  olivine  (2MgO  SiO,)  instead  of  enstatite  (MgO  SiOj)  as  the 
rhyocrystal  formed.  Now.  it  is  characteristic  of  the  Keweenawan 
rocks,  so  far  as  I  know  them,  that  the  porphyritic  femic  rhyocrystals 
are  almost  without  exception  olivine,  and  never  enstatite  and  very 
often  a  feldspar  more  alkaline  than  labradorite.  This  is  entirely 
in  harmony  with  the  position  of  the  Keweenawan  analyses  above 
the  eutectic  trough  as  shown  in  Figure  12. 

§  C.      MAGMATIC  CONCF.XTRATION. 

Concentration  due  to  changes  that  go  on  before  the  liquid  rock 
has  solidified  is  called  magmatic  concentration.  There  may  be  a 
settling  of  heavier,  earlier  formed  en  stals  under  gravity.  To  some 
such  action  Winchell's  plagioclasytes  on  the  one  hand  and  there- 
fore iron  ores  on  the  other  may  be  due. 

On  the  other  hand,  if  in  part  of  the  fluid  some  constituent  crystal- 
lizes out  owing  to  lower  temperature,  less  gases,  or  any  other  cause 
there  may  be  a  migration  of  the  substance  which  has  been  thus 
excreted  from  other  parts  of  the  fluid.  Just  so  in  the  manufacture 
of  artificial  ice  some  salts  will  be  found  concentrated  in  the  residual 
•water,  others  not.  Two  forms  of  this  I  have  called  wet  and  dry 
differentiation. 

§  7.      WET   AXD   DRY   DIFFERENTIATION   WITHIN   THE    FAMILY. 

Along  the  alkali-silica  trough  or  eutectic  line  above  mentioned 
(Fig,  12)  there  must  be  a  tertiary  eutectic  or  direction  of  crystal- 
lization as  between  the  femic  constituents  and  the  alkalis  and 
silica,  and  that  I  have  suggested^^  is  probably  near  Bunsen's  normal 
pyroxenic  magma,  as  shown  in  the  figures  (Figs.  12  and  1?>),  in 
case  no  mineralizer  is  present,  while  in  case  mineralizer  is  present, 
as  micropeguiatite  shows,  the  tendency  is  to  crystallize  out  nearly 
all  the  femic  constituents  at  temperatures  probably  above  800°C., 
while  the  quartz  and  feldspar  remain  in  solution  to  be  deposited 
as  jjegmatite  between  800°  and  550°  or  lower  yet.  Rocks  lying 
along  the  eutectic  trough  will  not  differentiate  so  readily  in  ratio 
of  silica  to  alkalis.  But  if  silica  was  dissolved,  as  at  Pigeon  Point, 
or  if  water  were  lost,  there  would  naturally  be  a  shift  in  the 
eutectic  line  or  valley  trough.  ^More  particularly  would  a  loss  of 
Water  make  it  tilt  doAvn  at  the  less  siliceous  end,  and  shift  the 
axis  of  the  valley  from  the  silica  axis.  We  know,  moreovei-,  that 
a  rock  like  A.  N.  Winchell's  ]>lagioclasyte  may  crystallize^  at  high 


"'Tufts   College   Studies,   Vol.    Ill,    No.    1,   p.    40. 
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temperatures  leaving  a  more  fusible  feiiiic  remnant.  Thus  there 
mig^ht  readily  be  ditl'erentiation  in  the  direction  of  the  eutectic 
line  or  trough  without  much  variation  in  alkali-silica  ratio.  Just 
this  we  seem  to  have  in  the  transition  rocks(SS.  170.'>3,  17007, 17037) 
just  under  (1G951)  the  Mount  Houghton  felsite,  as  well  as  in  the 
separation  of  the  plagioclasyte  of  A.  N.  Winchell  where  a  lighter 
feldspathic  part  may  be  conceived  to  have  risen  to  the  top  while 
still  keeping  close  to  the  SiO._,  .NaoO  =  12:1  ratio.  But  we  find 
variations  of  composition  in  more  than  one  direction.  In  the  first 
place  we  find  variation  in  composition  by  which  the  top  is  more 
sodic  than  the  center  or  bottom  where  there  is  more  (augite)  lime 
in  many  flows,  e.  g..  Isle  Koyale,  SS.  15515-15523.  This  may,  in 
part,  be  due  to  the  crystallization  at  an  early  date  of  the  feldspar 
and  its  rising  to  the  top,  but  there  are  some  reasons  for  believing 
that  it  may  have  taken  place  partly  in  the  fluid  state.  The  same 
general  type  of  differentiation,  for  example,  seems  to  connect 
analyses  of  different  flows  and  the  so-called  Ashbed  diabase  or 
Tobin  porphyrite  type  seems  to  stand  in  the  same  relation  to  the 
ordinary  ophites  as  the  top  of  a  flow  sometimes  stands  to  the  bot- 
tom of  the  same.^-  Secondly,  in  connection  with  some  of  the 
gabbros  we  have  a  group  of  red  rocks — gabbro  aplites  or  syenites — 
which  in  some  respects  resemble  the  differentiation  above  described, 
but  which  also  difter  in  that  the  silica  runs  up.  This  does  not  occur 
in  the  first  type  of  differentiation.  One  may  very  readily  connect 
thi.s  increase  of  silica  with  the  concentration  of  some  mineralizer 
which  like  water  tends  to  promote  so  markedly  the  solubility  of 
silica. 

Finally,  we  have  ordinai-y  felsites  in  which  not  only  does  the 
silica  increase  but  also  the  potash.  While  these  seem  comparable 
in  many  respects  with  the  segregation  which  has  gone  on  at  the 
center  of  Lawson's  quartz  diabase  dikes,  the  Pigeon  Point  rocks, 
however,  are,  according  to  Bayley,  partly  redissolved  arkoses  and 
it  is  a  fair  question  whether  the  potassic  felsites  which  occur  in 
the  Keweenawan  may  not  be  possibly  the  products  of  solution  of 
some  of  the  Huronian  feldspathic  quartzites,  originally  full  of 
water.  Such  a  solution  would  in  any  case  be  probably  selective 
and  one  would  not  expect  the  original  rock  and  the  fused  rock  to 
be  exactly  the  same  in  composition. 

One  thing  seems  to  be  fairly  well  made  out.  The  felsites  as  an 
acid  rock  do  not  occur  at  random  on  Keweenaw  Point  but  appear 
to  be  more  or  less  associated  with  two  definite  horizons,  one  of 
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tliem  coining  above  the  greatest  and  most  extensive  flow  of  the 
whole — the  Greenstone.  This  felsite  seems  to  have  the  focus  of  its 
distribution  in  the  Porcupine  mountains.  A  second  group  of  fel- 
sites,  that  of  Mt.  Houghton,  occurs  much  lower  down,  somewhere 
in  the  horizon  of  Conglomerates  6  and  8.  Felsite  outbursts  seem 
to  be  associated  with  a  temporary  stoppage  of  volcanic  activity 
shown  by  conglomerates  after  a  big  paroxysm  leading  to  thick  flows 
of  basic  lavas.  A  question  which  cannot  be  answered  decidedly 
yet,  is  the  relation  between  the  differentiation  that  leads  to  the 
gabbro-aplite  type  of  rock  and  that  leading  to  the  felsite.  Is  it 
possible  that  the  gabbro  aplites  are  only  a  half-way  step 
toward  the  differentiation  of  the  felsites?  The  relationship  is  cer- 
tainly not  serial  because  the  soda  increase  is  checked  when  we 
pass  on  toward  the  felsite  and  the  potash  becomes  much  more  promi- 
nent. 

§  S.      SECONDARY   CHEMICAL  CHANGES. 

Another  interesting  question  pertains  to  the  metamorphosis  or 
change  of  the  rocks  after  consolidation.  No  sharp  line  can  be 
drawn  here  between  the  final  consolidation  and  a  work  of  change 
which  at  once  begins.  Judging  by  all  we  knoAV  the  lava  will  be  a 
solid  rock  at  something  not  far  below  900°C.  and  the  quartz  will 
not  crystallize  above  800°C..  and  most  of  the  quartz  of  the  felsites 
and  quartz  diabases  was  probably  formed  between  800° C.  and 
550^C..  some  possibly  below  SSO'^C.  Many  of  the  zeolites  were 
formed  at  high  temperatures.  The  radial  coatings  of  chalcedony 
and  chlorite  which  line  interstices  in  some  cases,  especially  in  what 
I  have  called  the  doleritic  texture,  seem  not  to  have  replaced  any 
other  mineral,  but  to  be  deposited  from  the  hot  waters  or  gases 
which  occupied  the  last  interstices  when  the  rock  cooled  off.  An 
ordinary  lava  allowed  to  cool  and  crystallize  thoroughly  has  the 
same  porous  or  miarolitic  texture  that  a  mass  of  loaf  sugar  does, 
and  this  miarolitic  texture  or  primary  porosity  gives  opportunity 
for  a  range  of  reactions  which  may  be  called  pneumatolytic.  The 
presence  of  chlorite  is  particularly  universal  in  our  Michigan  mela- 
phyres.  It  will  ordinarily  be  counted  as  secondary  and  yet  we 
know  very  little  regarding  the  real  meanin^^of  the  chlorite — 
when  it  was  formed  and  to  what  conditions  its"  occurrence  points. 
It  may  be  pneumatolytic.  I  say  "know"  because  though  I  make 
certain  inferences  and  suggestions  as  to  its  probable  role  yet  we 
cannot  consider  them  as  proven  until  the  chlorite  itself  has  been 
produced  under  them.    It  is  of  the  more  importance  to  us  who  are 
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interested  in  the  origin  of  copi»er  because  the  chlorite  is  very  inti- 
matel}^  associated  with  the  copper,  and  the  copper  often  replaces  it. 
A  curious  feature  is  that  the  mine  waters  contain  practically 
no  magnesium  whatever  and  one  is  reminded  of  some  exiMn-iments 
by  T.  Sterry  Hunt^^  in  which  he  found  a  very  strong  tendency  in 
hot  water  for  calcium  clHoride  to  replace  the  magnesium  chloride. 
He  also  found  silicate  of  magnesium  deiK)vsited. 

§  9.       HYDRATION    YIELDING    NATIVE    COl'l'ER. 

In  my  paper  before  the  Lake  Superior  Mining  Institute^*  I  sug- 
gested that  the  formation  of  native  cop}>er  could  be  chemically 
conceived  without  going  outside  the  formation  by  assuming  a  small 
hydration  of  the  melaphyre  and  a  change  of  ferric  to  ferrous  iron, 
and,  as  a  printer  not  used  to  such  formulae  got  them  confused,  I 
wish  to  repeat  them  here.  I  assumed  for  the  composition  of  the 
melaphyre  a  formula  as  follows: 

CaO  MgO  (aNaO,  bFeO,  cOuO)   (dFe,03,  eAUOg)  4810, 
and,  as  I  said,  (a-l-b+c)=l,  and 

(d+e)^l  often  nearly, 
if,  now,  we  assume  the  melaphyre  changed    into  chlorite,  epidote, 
quartz,  copper  and  water  glass  we  have  the  following  result: 


53Chemical  and  Geological  Essays,  pp.  122,  138,  151. 

:«  Vol.  XII,  pp.  85-86:  Vol.  XIII,  p.  148.  The  discussion  in  U.  S.  G.  S.  Monograph  52  with 
new  analyses,  pp.  580-592.  is  especially  valuable.  The  argument  that  the  waters  were  hot  is 
strong.  1  think  that  there  is  indicatirn  that  they  were  also  heating  up,  that  is,  circulating 
down  into  a  mass  of  still  hot  rock.  The  analyses  of  vein  and  wpll  rock  at  the  Winona  Mine 
(p.  583)  seem  to  check  very  well  with  the  formation  of  epidote  assumed  in  this  section. 
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The  ideal  melaphyre  in  this  case  will  have  the  molecular  propor- 
tions of  Column  1  below.  Comparing  it  (reducing;  the  silica  to 
the  same  amount  Column  2)  Anth  the  molecules  of  an  ophite  (Table 
XY,  Analysis  5,  Column  3)  we  notice  that  the  alumina  is  low,  and 
we  can  make  the  melaphyre  more  like  our  Keweenawan  melaphyres 
and  at  the  same  time  the  epidote  more  like  a  normal  epidote  by 
supposing  that  e  instead  of  being  FCj  O3  was  largely  AI2  O3.  Trans- 
ferring then  .419  molecules  from  femic  iron  to  alumina  we  get  the 
results  of  Column  4.  Column  5  is  4  made  comjjarablc  with  Columns 
2  and  3  by  making  the  silica  the  same.  Multiplying  by  the  molecular 
weights  we  get  the  percentages  (nearly)  given  in  Column  6.  In 
this  column  the  water  is  supposed  to  have  been  added  to  the  97.2 
melaphyre,  but  may  have  been  present  originally  in  interstices.  If 
for  instance,  the  specific  weight  of  the  fresh  lava  was  2.88  (2.88 
tons  to  tlie  cubic  meter)  then  97.2  tons  of  it  could  occupy  about 
33.7  cubic  meters,  and  the  total  space  occupied  would  be  37.8  cubic 
meters  of  which  space  11  per  cent  would  be  occupied  by  water.  The 
original  sjiecific  gravity  of  the  Avhole  would  be  101.3/'37.8=2.68. 

While  this  process  may  account  for  small  specks  of  native  copper 
found  in  the  doleritic  interstices,  I  do  not  suppose  that  the  great 
masses  have  been  collected  so  simply. 


IDEAL   AND    REAL   MELAPHYRES    TO    ILLUSTRATE   THE 
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1 

2 

3 

4 

5 

6 

7 

Si  0  0 

4.000 

.419 

.581 

.338 

1.000 

1.000 

1      .493 

.753 
.079 
.109 
.064 

.188 
.188 

.093 

.753 
.155 
.120 
.061 
.179 
.185 

.042 

4.000 

.838 

.162 

.338 

1.000 

1.000 

.493 

Added 
1.196 

.753 

.158 
.030 
.064 
.188 
.188 

.093 
!226 

45.2 

16.1 

4.9 

4.6 

7.5 

10.6 

/      5.8 

\ 

241.6 

AI2  O3 

85.9 

Fe  9  0  ^ 

25.9 

FeO        . ; 

24.3 

Mg  0  .  .  .  .              

40.4 

Ca  0        

56.1 

NaaO 

K,  0 

30.6 

H2  0+ 

Added. 
4.1 

Ho  0— 

21.6 

Ti  0  2 

Po    0  e 

062 ' :::■■ 

s      :::;:;  ::::::::: 

so  8 

Cu  d       

.169 

.031 

.0002 

.169 

.031 

2.5 

13.5 

8.000 

1.505 

1.495 

9.196 

1.731 

101.3 

1.^ 

539.9 

1.  Ideal  melaphyre  after  formula  above,  using  numerical  values 

found  for  a,  b,  c,  d  and  e. 

2.  Same  as  No.  1  divided  by  4/.753. 
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3  Kcal  melaphvre  for  comparison. 

4'.  Ideal  melapbyre  with  adjusted  alnnnna. 

5  No.  4  divided  by  4/.753. 

fi'  Ideal  cupriferous  melaphyre  in  ]jer  cents. 

7.  No.  4  multiplied  by  molecular  wei-bts. 

no       ALTERATION    OF    CALU.MET    AND    HECLA    BOULDER. 

In  bi.  chapter  on  the  paragensis  of  the  minerals  associated  with 
coppi^^^  ^1-lly  .-s  a  full  account  of  ''replacement  of  porphyry 
matrix  bv  chlorite  and  copper"  as  follows: 

"^«  the  lobbies  iu  the  Calumet  -nglom"'",-  ^^ 
variety  of  quarts'.  poi-phTry.  ^^^tU  a  bro^T.,  oompact,  almost  jaspey 
::    S.  UcU  oni;  gla^s  .lightlv  before  tbe  b.o.j.pe^    In  th 

paste  there  are  numerous  grains  «*  l^'-'^l^^^f^'^f  ,^^  ^'.i"* 
fn  diameter,  and  often  more  frequent  crystals  of  flesh  red  feldspai, 

„„n,.  nvthni'liise  —1  10  to  7/10  inch  in  length. 
"*'^rn"o?raC;\::i^ns;  that  i/these  flesh  red  ei^.tals  ^he.  a^^ 
™,ar  dirtv  greeu  portions  exhibiting  the  t^nn-stnat.on  »'  »  t"=">"^ 
CLtT   The  feldspar  is  hard  and  brilliant,  hut  is  nevertheless  no 
r  i„ta,.t.  under  the  glass  the  crystals  appear  cavernous,  10 

•;:.^„t  o^lrrof  thetb^tance  being  gone.    This  is  the  character 
of  thi'i  Dorphyrv  in  the  freshest  pebbles. 

.*    have  Liore  me  a  pebble  4  inche.  in  diameter,  broken  through 
the  n  ddle.    It  was  the  same  variety  of  porphyry  I  have  just  de- 
:;„  e„_the  san,e  brown  matrix,  with  the  san.e  grams  of  qu  rt  . 
W  the  same  large  crystals  of  orthoclase,  often  euclosmg  crystals 
of  tr  cl  n    "eldsprar.    But  this  pebble  carries  on  its  face  the  hr.tory 
0    an  ^treme  change.     In  the  interior,  where  it  is  freshest    the 
Itrix   still  of  the  same  brown  color,  has  become  so  soft  as  to  be 
rc;silv  scratched  with  the  point  of  a  needle.    The  quartz  grams  are 
Li^htv  Assured,  and  the  surfaces  of  the  Assures  are  covered  yth 
'soft    light-g«en  magnesian  mineral.     The  feldspar,  although  rt 
"till  r<;sists  the  point  of  the  ste*l  needle,  has  generally  lost  .t,  glance. 
„  a  has  an  aluLt  earthy  fracture;  it  is  lighter  colored,  and  tends 
„  .potted  dirtv-red  and  white.     In  places,  specks  of  chlorrte  are 
vtsiWe  iu  the  holes  iu  the  altered  feldspar,  and  the  cleavage  pla  es 
,t'     "listen  with    flakes  of  cop,»r.     As  we  go  farther  from    the 
ddle%f  the  specin,e„  toward  the  original  surface  of  the  j^bble 
the  matri.  becomes  much  softer,  though  still  wrth  bn.yu  color    ,1 
Town  st,-eak,  and  then  changes  to  a  soft,  green  chlorrt.c  n.n,  ral 
?ich  whitens  before  the  blowpipe,  and  fuses  on  the  edge,  to  a 
'!,v  -lass     A  little  farther  from  the  center  there  is  no  longer  a 

^^B^^oTT^^tTlir  Chapter   IH,    P-    ^'7- 
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ti'iu-e  of  the  porplivry  matrix,  it  is  altered  wholly  to  chlorite.  Tiie 
feldspar  crystals  are  somewhat  more  altered  here  than  they  are 
in  the  middle  of  the  i)ebble.  but  the  quartz  "grains  seem  to  have  been 
in  part  replaced  by  chlorite.  The  change  to  chlorite  is  acconipanied 
throughout  by  the  presence  of  a  large  amount  of  copi)er.  While 
in  the  interior  of  the  jiebble,  the  flakes  of  co])}k'1'  are  confined  to 
the  cleavage  planes  of  the  feldspar,  and  the  i)oipliyry  matrix  ex- 
hibits scarcely  a  trace  of  the  metal,  the  chlorite  which  has  replaced 
the  matrix  contains  in  different  parts  of  the  specimen  from  10  to  00 
per  cent,  by  weight,  of  copjier. 

"In  another  pebble  of  the  same  porphyi^',  not  only  is  the  original 
matrix  gone,  but  the  usurjiing  chlorite  has  been  almost,  if  not 
wholly,  replaced  by  cojijier;  and  we  have  as  the  remarkable' result 
a  quartz  porphyry-  whose  ciwstals  of  feldspar  and  grains  of  quartz 
lie  in  a  matrix  of  metallic  copjjer.  There  is  still  a  very  small 
amount  of  chlorite  present,  but  it  seems  to  have  come  from  the 
change  of  the  feldspar  crystals  and  quartz  grains. 

"In  other  pebbles  of  the  same  quartz  porphyry,  containing,  per- 
hapss.  less  quartz,  the  alteration  seems  to  have  taken  a  somewhat 
different  direction,  or  at  least  the  result  before  us  is  different.  In 
the  interior  of  the  pebble,  the  matrix  is  of  a  darker  and  dirtier 
brown  than  in  the  previous  cases,  which  may  be  due  to  the  presence 
of  manganese  in  the  alteration  product.  Going  from  the  middle, 
the  brown  color  changes  rather  abruptly  to  a  dirty  greenish-grey; 
the  material  also  becomes  softer,  but  it  is  earthy,  with  an  earthy 
(tdor,  and  gritty  to  the  touch.  The  change  seems  here  to  be  in  the 
direction  of  kaoliuization. 

''The  entire  pebble  is  permeated  with  minute  shining  threads  and 
plates  of  carbonate  of  lime.  The  lighter  colored  portion  contains 
considerable  copper,  while  nearer  the  surface  of  the  pebble  it  is 
largely  replaced  by  that  metal.  Pebbles  showing  the  various  altera- 
tions described  above  are  by  no  means  rare.  ]Many  of  them,  from 
1  inch  to  1  foot  in  diameter,  are  found  every  day." 

In  Economic  Geology,  ^"olume  IV,  Number  2,  pages  158-173,  I 
gave  a  description  and  analysis  of  a  boulder  of  the  Oalumet  and 
Hecla  conglomerate  which  was  being  replaced  by  copper.  It  was 
originally  some  sort  of  a  porphyry.  Oligoclase  phenocrysts  remain 
embedded  in  it  as  were  noted  by  Pumpelly. 

Pumi>elly's  obsei-vations.  minute  for  the  time,  were  not,  however, 
supplemented  by  chemical  analyses.  Two  analyses  of  these  boulders 
are  presented  in  Table  XVII.  Side  by  side  are  placed  analyses  of 
oountrw  rocks  comparatively  little    affected    by    alteration.     Just 
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what  The  original  coiiipositiou  of  one  of  these  altered  i)ebbles  was 
is  a  question  which  one  must  be  cautious  in  answering,  but  the 
general  trend  of  change  is  unmistakable.  Take,  for  instance,  the 
partial  analysis  of  a  boulder  by  G.  H.  Heath,  chemist  of  the  C. 
&  H.  Mining  Co.  This  was  a  "bluish  grey,  greasy  deposit  like  talc 
found  inside  a  boulder."  the  outer  shell  of  which  was  turned  to 
copper.     The  partial  analysis  was: 

Silica,  SiO  , 36 .7.5  =  .612  molecule. 

Alumina  and    /  or  as  FeO) 24 .  .57  =  .  294 

Iron  oxide        \  (Fe,03,  Al  ,03 27.34 

Magnesia,  MgO  . 23 .  24  =  .581 

Loss  on  ignition  HjO;  CO  2 11.07=:  .616 

Difference  Xa  ,0  +  K  ,0? 1.6  =  .026? 


100.00 


This  evidently  corresponds  closely  to  a  formula  2H.,0,  2MgO. 
FeO.  2SiO„  closely  allied  to  that  of  serpentine.  Serpentines  are 
often  derived  from  peridoites.  Thereare.  to  be  sure,  peridotites 
known  in  the  Lake  Superior  region,  but  it  is  mast  probable  that 
the  original  rock  was  not  more  basic  than  an  ophite,  perhaps  much 
more  silicious. 

Fortunately  I  was  able,  through  the  kindness  of  J.  L.  Xankervis, 
the  commissioner  of  mineral  statistics,  to  obtain  another  boulder 
of  the  kind  in  which  enough  of  the  texture  was  left  and  in  particu- 
lar large  porphyritic  crystals  of  oligoclase  to  make  one  reasonably 
sure  that  we  are  dealing  ^ith  a  iwrphyrite  not  so  femic  (rich  in 
iron.  magne.*5ia,  etc.)  as  the  ophite  but  in  compo.-itiou  between 
analy.'^es  1  and  2  of  Table  XVII. 

These  peculiar  boulders,  yet  after  all  at  one  time  fairly  com- 
mon, which  were  so  largely  changed  may  have  been  somewhat  ex- 
ceptional in  composition  to  begin  with,  but  it  is  very  probable.  I 
think,  that  often  they  had  originally  over  60  per  cent  SiO.. 

DESCRIPTION'    OF    BOULDER    20600. 

Thi.x  ];eb])le  or  boulder  i  20000  i  as  may  be  noted,  is  surrounded 
by  a  shell  of  copper  con.siderably  stained  with  carbonate,  probably 
of  recent  origin.  The  interior  next  the  outside  is  decomix)sed  giey- 
ish-green  or  blanched.  The  main  mass  is  mixed  greenish  and  dark 
maroon,  and  shiny  and  soft.  This  soft  (H=l)  matter  is  the  ma- 
terial analyzed.  In  it  are  embedded  white  Karlsbad-albite  twins 
of  andesite  or  oligoclase,  one  of  which  dug  out  shows  P.  KlOli. 
y.  (201).  M.  (010)   and  the  pri.sm?  (110). 

While  obscured  with  enclosures  so  that  the  refiaction  is  not  casv 
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to  determine,  for  one  crystal  it  appears  to  be  near  and  a  little 
above  1.545.  In  another  case  it  is  distinctly  near  1.53G.  The  ex- 
tinction angle  on  P  against  'M  is  3° — 3°,  in  another  case  7° — 7° 
and  generally  small  (in  one  case  in  that  zone  10 — 15)  ?  (18° — 18°). 

The  bonlder  tested  by  Heath  had  a  very  similar  ground  mass. 
Both  the  albite  and  Karlsbad  twinning  are  plainly  visible  with  the 
pocket  lens.     No  quartz  or  orthoclase  phenocrysts  were  noticed. 

This  kind  of  alteration  attacking  the  ground  mass  is  not,  as 
Pumpelly  says,  uncommon.  Capt.  Joseph  Pollard,  of  the  Calumet 
and  Hecla  mine,  has  quite  a  collection  of  Karlsbad  twins,  picked 
out  of  the  soft  rock,  that  show  the  crystal  form  nicely.  They  are 
sometimes  partly  replaced  by  copper,  and  are  sometimes  an  inch 
or  more  in  size.  Very  suggestive  also  is  a  boulder  in  his  collection 
which  is  a  mere  hollow  shell,  lined  with  red  feldspar  (orthoclase?) 
and  specular  iron  ore  (hematite).  Another  pebble  which  seems 
to  have  been  originally  calcite,  and  has  a  calcite  core,  is  now 
largely  replaced  by  specular  ore  (hematite)  with  a  little  copper," 

Red  felsite  pebbles  often  have  blanched  borders. 

From  Heath's  and  Wilson's  analyses  (Table  XVII)  of  bouldei'S 
and  these  of  the  slime  it  is  clear  that  water  has  been  added.  Either 
iron  has  increased  or  there  is  a  greater  loss  of  other  constituents 
than  is  at  all  likely.  Alumina  is  probably  nearly  constant, — ap- 
pears to  be  so  both  in  the  slime  analysis  and  in  20600.  Magnesia 
certainly  is  no  less  and  in  Heath's  boulder  much  more.  Lime  has 
probably  increased.  If  the  alumina  is  constant,  the  silica  has  been 
removed.  It  may  be  noted,  too,  that  if  we  suppose  Sp.  17033  to  be 
the  original  of  Sp.  20600  the  amount  of  silica  removed  is  in  mole- 
cules about  four  times  that  of  the  alkalis.  If  we  compar-e  the 
fresh  felsite  with  the  conglomerate  slime,  it  also  seems  likely  that 
much  more  silica  than  alkalis  is  removed.  We  may  say,  then, 
roughly,  that  iron  and  water  have  been  added  and  water  glass 
abstracted.  It  may  also  be  noted  that  whereas  in  17039  the  rate 
of  alkalis  to  silica  is  more  than  1 :12,  in  the  boulder  it  is  in  the 
proportion  .043  :.523.  Possibly  alkalis  in  excess  of  the  eutectic  are 
more  easily  removed. 

A  further  thing  to  remark  is  that  it  is  doubtful  if  there  is  any 
marked  change  from  ferrous  to  ferric  iron.  Water  gla.ss  removed 
(NaoSi^Or,)  and  serpentine  introduced  (H^MgaSioO,,)  have  the  same 
amount  of  oxygen.  There  is,  however,  an  uncertainty  in  compar- 
ing a  specimen  from  a  deep  mine  with  specimens  exposed  in^  out- 
crops and  necessarily  oxidized.  It  seems  then  quite  safe  to  assert 
that  the  deposition  of  copper  in  the  Calumet  and  Hecla  conglomer- 
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ate  was  one  feature  of  a  chanfje  Avhieli  included  also  the  removal 
of  water  glass  and  enrielnnent  with  water,  magnesia  and  iron. 

§  11.       KAOLIXIZATION    OF    KEWEENAWAN    DIKES. 

An  alteration  in  some  respects  similar  in  that  water  is  absorbed 
and  sodium  silicate  removed,  but  in  some  other  respects  quite  dif- 
ferent, is  that  of  the  kaolinization  of  the  diabase  dikes,  evidently 
belonging  to  the  Keweenawan,  which  is  found  near  the  iron  ore 
bodies.  These  have  been  studied  by  Van  Hise  and  Patton.  Illus- 
trative analyses  are  found  in  Table  XVIII.  Figure  15  gives  the 
graphical  results.  In  this  figure  the  proportions  of  each  ingredient 
are  laid  off  along  a  horizontal  line,  but  the  length  of  the  whole  line 
is  shortened  in  such  a'ratio  that  the  length  assigned  to  alumina  ap- 
pears constant.  If  the  alumina  really  is  constant,  then  Figure  15 
gives  the  actual  weights  of  each  constituent  remaining  in  an  un- 
disturbed volume  of  rock.  Suppose  the  original  specific  gravity 
was  2.9,  then  in  13456  there  was  originally  100  tons  of  which 
originally  47.99  were  silica.  In  the  Aurora  dike  in  a  similar  space 
there  would  be  less  than  19  tons  of  silica  or  44  tons  in  all,  more 
than  half  the  dike  having  been  removed. 

A  noteworthy  fact  is  that  the  components  are  not  removed  at 
the  same  time  in  the  same  proportions.  It  appears  probable  that 
the  rock  is  early  hydrated  np  to  a  constant  ratio  with  the  alumina, 
that  the  soda  and  potash  and  the  magnesia  go  first,  the  lime  follows 
close  after,  the  titanium  oxide  and  silica  persist.  The  ferrous  iron 
either  goes  or  is  turned  into  ferric  oxide.  Later  leaching  removes 
the  silica  without  changing  the  ratio  of  water  to  alumina  after  it 
reaches  the  proportion  211,0  ilALOj,— a  rather  noteVorthy  fact. 

§  12.   CONCENTRATION  IN  SEDIMENTATION. 

Another  form  of  concentration  is  brought  out  by  comparing  the 
composition  of  tlie  Keweenawan  igneous  rocks  and  the  sediment 
which  may  have  been  derived  from  them. 

Not  many  analyses  have  been  made  of  the  sedimentary  rocks. 
One  very  obvious  reason  for  not  analyzing  the  conglomerates  is 
that  they  vary  so  and  the  pebbles  are  so  large  that  one  would  have 
to  take  a  large  sample  in  order  to  get  any  idea  of  what  the  average 
composition  is.  The  analysis  of  crushed  Calumet  and  Hecla  con- 
glomerate (1  of  Table  XIX)  is  much  more  basic  'than  one  would 
have  thought.  We  have  gathered  the  analyses  given  in  Table  XVII 
which  will  serve  to  give  us  some  idea  of  the  character  of  the  sedi- 
mentary rocks  and  the  kind  of  change  they  have  undergone.     Xo. 
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4  is  a  rock  from  ''Siskowit  Point"  on  Isle  Koyale/'^  This  is  from 
a  series  of  dark  maroon  beds  dipping  at  a  high  angle  toward  the 
lake.  They  are  in  all  respects  like  the  Freda  sandstones.  Com- 
paring them  with  the  basic  igneous  rocks  we  see  the  greater  pre- 
dominance of  ferric  iron.  Comparing  them  with  the  felsites  we  see 
that  there  is  also  a  greater  amount  of  iron  and  of  bases  generally 
except  soda  and  potash  which  must  have  been  removed  and  de- 
posited elsewhere.  If  we  suppose  these  rocks  not  to  have  been 
derived  from  the  felsites  but  from  more  basic  rocks  where  the  soda 
exceeds  the  potash  then  we  must  imagine  at  any  rate  a  consider- 
able addition  of  quartz  and  removal  of  lime.  Eocks  which  are, 
however,  much  more  likely  from  their  looks  and  appearance  to  have 
been  derived  from  the  basic  rocks  are  the  so-called  Nonesuch 
shales.^"  The  analysis  was  of  a  dark  grey,  almost  black  rock  which 
might  easily  be  supposed  to  have  been  a  bituminous  rock,  but  is 
not.  The  dark  color  is  due  apparently  to  chlorite  and  iron  oxide 
and  some  beds  of  the  Nonesuch  shale  show  minute  scales  of  iron 
ores,  etc.,  lying  upon  them  and  giving  the  bedding  planes  an  ap- 
pearance like  the  black  sands  of  our  present  beaches.^*  The  rock 
is  also  higher  in  alumina  which  is  sugg&stive  of  chlorite.  The 
alumina  is  just  about  the  same  as  in  one  of  the  melaphyres  but  the 
silica  is  as  much  again  and  the  iron  oxides  and  other  bases  lower. 
The  proportion  of  soda  to  potash  is  very  similar  to  that  which  we 
find  in  the  melaphyre, — large  for  a  sedimentary.  The  lime  is 
largely  removed.  We  have  here,  then,  a  rock  composed  partly  of 
quartz  (petrographic  examination  shows  ordinary  quartz  sand) 
and  partly  of  a  decomposed  melaphyre  in  which  the  bases,  but 
especially  the  lime,  falls  much  short.  Another  analysis  of  Kewee- 
nawan  sandstone  is  given  by  Sweet.'^^  This  rock  lies  l>etT\'eeu  the 
Nonesuch  shale  and  (8iskowit  Point)  Point  Houghton  rock  in  com- 
position. 

If  we  take  the  Calumet  and  Hecla  slime,  the  Nonesuch  shales, 
the  Freda  sandstone  and  Jacobsville  sandstone  we  find  a  series 
fairly  consecutive  as  to  silica  percentage,  and  as  to  ratio  of  potash 
to  soda.  The  chloritic  character  of  the  Nonesuch  is  shown  by  an 
extra  amount  of  alumina  and  magnesia.  The  soda  also  diminishes 
steadily. 

The  only  way  to  get  a  fair  idea  of  a  rock  like  the  Calumet  and 
Hecla  conglomerate  or  any  other  coarse  conglomerate  is  to  analyze 

sapoint   Houghton,   see   Vol.   VI,    also  Bull.   8,    Minn.    Sur.    XXXIII.     Ser.     Xo.      165, 
Geol.    Sur.    No.    "t~>.   .T.    A.   Dodge,   analyst. 

"Analysis  2   of   Table   XIX.   Core   at   yftO   feet   of  White   Pine   Exploration,   d.   34. 
^*'The    palladium    also   sugRests    this. 
"TSeology    of   Wisconsin,    Vol.    Ill,   p.   350. 
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a  very  large  siiiiii)le.  The  analysis  of  slime  overflows  from  the 
trough  classitiers  between  stamp-heads,  and  jigs  taken  September, 
IDOG,  which  I  owe  to  Mr.  J,  B.  Cooper,  Siii>erintendent  of  the  Calu- 
met t^melters""  is  the  best  representation  I  can  give,  though  it  con- 
tains not  as  much  of  the  felsite  material  as  I  believe  it  should  to 
tnily  represent  the  rock.  A  comparison  of  it  with  the  Osceola 
amygdaloid  slime,  however,  shows  pretty  clearly  the  kind  of  rock 
to  be  expected  with  any  given  per  cent  of  silica. 

Comparing  the  Osceola  slime  with  the  various  analyses  of  mela- 
])hyre.s,  we  see  that  the  water  and  alumina  are  relatively  higher, 
but  the  iron  and  lime  are  not.  the  alkalis  and  soda  are  reduced. 

Comparing  the  Calumet  slime  with  felsite  from  which  it  may  have 
been  largely  derived  we  again  find  water  and  alumina  higher,  silica 
and  soda  lower,  lime,  magnesia  and  iron  on  the  whole  higher,  but 
rather  irregularly  distributed.  In  the  conglomerate  there  is  little  or 
no  sign  of  that  characteristic  sedimentary  concentration  which  leads 
to  a  concentration  of  quartz.  This  certainly  agrees  with  its  brec- 
ciated  and  but  little  rehandled  character. 


Fig.  14.  Illustrates  relation  of  prehnite,  chlorastrolite  and  chlorite.  In  this  dia- 
gram the  percentages  of  silica  are  the  abscissa,  while  the  other  elements  are  shown 
by   ordinates   as   indicated  on   the   diagram. 


60" Samples  taken  Sept.  1906.  They  fairly  represent  the  rock  material,  except  that  the  sHmes 
contain  a  little  larger  proportion  of  the  softer  portion,  hmy  constitutents  and  less  of  hard  gravel 
material. 

"The  best  average  sample  of  rock  would  be  an  average  of  all  tailings  for  one  to  six  months 
but  such  a  sample  has  never  been  assayed  completely". 


I^ss  on  ignition 

Silica 

Iron  oxide.  Fe  ■>  O  3 

Alumina,  (  +tr"  Ti  O  2) 

l.ime  (Ca  O) 

Magnesium  Oxide,  (Mg  O) 

Chlorine 

Sulphur  tri-oxide  (SO 3) 

Copper,  (may  be  part  oxide) 

Traces  of  sodium  &  potassium  not    estimated 


Conplcmerate  %. 

Amygdaloid.  %. 

5.03 

7. 89 

55 .  OS 

41.31 

9.04 

12.90 

15.41 

22.46 

7.02 

11. OS 

2.49 

4.07 

.18 

.11 

.04 

traces. 

1.70 

.14 

95,99 


Copper  in  this  sample  is  evidently  high,  for  an  average. 
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§  13.      CONCENTRATION    OF    CIILORITIC    MATERIAL. 

One  of  the  coinmonest  changes  throughout  the  Keweenawan  rocks 
is  the  development  of  chlorite  or  green  earth  material.  It  is  uni- 
versal. Chlorite  fii'st  appears  in  interstices  apparently  once  empty, 
coating  them  in  concentric  agate-like  bands.  It  also  occurs  after 
augite  and  later  feldspar.  It  coats  the  joints.  As  we  have  seen  it 
seems  to  replace  even  the  felsitic  pebbles  in  the  conglomerate.  It 
also  replaces  the  prehnite  as  has  been  well  described  by  Pumpelly  and 
as  Hawes  says  chloraistrolite  seems  to  be  but  a  half-way  house  be- 
tween prehnite  and  chlorite.  This  is  shown  by  Figure  14."^  In  table 
XVI  are  grouped  together  some  analyses  of  chloritic  material.  They 
vary  a  good  deal  and  are  very  inaccurate,  yet  there  is  a  plain  ten- 
dency toward  a  composition  containing  about  30  per  cent  silica. 
30  per  cent  alumina,  30  per  cent  ferrous  iron  or  magnesia  and  10 
I>er  cent  water  (H^AlgFeSioOio),  especially  if  one  considers  the 
probable  character  of  the  errore  due  to  impurities.  The  gangue  No. 
5  may  be  considered  as  made  up  of  about  40%  silica  -|-  CO  %  of 
(31%  SiO,  33%  Al2O320%  FeO  2%MgO  13%  H,0). 


§  14.      CONCLUSIONS. 

One  will  find  a  marked  similarity  in  many  of  the  processes  of 
secondary  change  above  given.    We  may  tabulate  them  thus : 


1 

2 

3 

4 

5 

6 

Si  0, 

Ala  O3 

FeaOa 

Fe  0. 

decrease 
increase? 
increase 

decrease 

increase? 

increase? 

decrease 
increase 
increase 

decrease 
increase 
increase' 

increase 
increase 

decrease 

constant? 

decrease 

Mg  0 

increase 

9 

increase? 

increase 
/ 
1,  decrease 

Ca  0 

decrease 
1 

Naa  0 

K2O 

H  2  0— 

decrease 

/ 

\  decrease 

decrease 

decrease 

H,  0-t- 

increa.se 

increase 

increase 

increase 

■ 

increase 

increase 

TABULATION    OF    CHANGES    IN    PROPORTIONS    OF    VARIOUS    CONSTITUENTS. 

The  analyses  upon   which  this  table  is  based  will  be  found  in 
the  other  tables. 

1.  Calumet  &  Hecla  boulder  changed  to  chlorite. 

2.  Original  rocks  and  Calumet  &  Hecla  slime. 
Ophite  to  Osceola  slime. 
Prehnite  to  chlorite. 
Original   igneou*  rocks  to  sediment. 

(5.     Diabase  dike  to  kaolinite. 

But  it  is  by  no  means  necessary  to  infer  that  the  change  goes  on 


"'See   also   Grout's   paper  in    Science  1910,   Vol.    XXXII,   p.    312,   and    U.     S. 
Monog.   52,  p.   582. 
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pari  pnssu  for  all  ingredients.  Quite  the  contrary.  It  seems  as 
thonoh  the  water  were  introduced  first  until  the  ratio  was  in  per- 
centages about  1  per  cent  of  H,0  to  3  per  cent  of  AUO„  or  m  mol- 
ecules about  2H.,0  to  1A1..0,.  After  this  there  is  practically  no 
further  addition  of  H,0,— the  farther  apparent  gain  being  due  to 
the  subtraction  of  other  ingredients? 

The  alkalis  and  the  silica  seem  to  be  removed  together.  If  they 
<ro  off  as  water  glass  (Na.,0  ASiO,)  the  per  cent  proportions  will  be 
1  per  cent  NaoO  to  3.885PiO..  The  ratios  obtained  by  comparing 
the  diabase  porphvrite  17030  with  the  altered  Calumet  boulder 
( 59.92—31.43 /10.3— 0.2)  or  tbe  Calumet  tailing  with  felsite  (75.67 

55  08/8.74 4.01?)   are  fairly  harmonious  and  if  we  compare  the 

Osceola  amygdaloid  tailings  ^vith  some  of  the  fresh  or  lime  melaphy- 
res  — sav  the  latest  analysis  of  the  Greenstone— we  see  that  the  ratio 
is  imilar  ^^^thin  the  limits  of  analytic  error  and  variation  in  com- 
position due  to  washing  out  the  chlorite  (47.69-41.31/2.44-0.04). 
The  alkalis  always  escort  off  more  than  as  much  silica. 

It  is  plainer  from  the  looks  than  from  the  analyses  that  the  fer- 
rous iron  is  often,  perhaps  not  always,  largely  changed  to  ferric 
iron,  although  that  also  appears  in  20600.  All  the  fresher  mela- 
phyres  show  large  quantities  of  ferrous  iron. 

The  role  of  the  lime  is  least  simple.  Owing  to  the  fact  that  be- 
fore or  in  the  process  of  crystallization  there  was  a  good  deal  of 
differentiation  of  lime  it  is  harder  to  be  sure  what  the  percentage 
was  originally  and  calcite  may  often  have  been  introduced.  In  the 
salic  rocks  it  seems  to  increase,  b^^ing  derived  from  the  surrounding 
femic  rocks.  We  may  note  the  fact  that  the  10  to  12  per  cent  of 
lime  that  might  have  existed  in  a  fresh  lime  melaphyre— an  ophite- 
seems  not  to  be  exceeded  in  alteration.  There  are  many  things 
which  I  have  seen,— such  as  the  replacement  of  a  pebble  of  calcite 
in  the  Calumet  and  Hecla  conglomerate  by  hematite,  which  sur- 
rounded it,— which  lead  me  to  feel  sure  that  the  trend  of  the  lime 
is  toward  the  calcite,  epidote,  and  calcium  chloride  dissolved  in  the 
mine  water,  so  that  lime  also  is  removed  from  the  original  rock  un- 
less epidote  or  calcite  accumulates.  While  the  magnesia  and  iron 
really  tend  to  form  chlorite,  and  this  alteration  is  conspicuous  in  the 
color  change  and  under  the  microscope  there  is  little  sign  of  it  in 
the  analyses.  The  Osceola  amygdaloid  tailings  though  relatively 
coarse  had,  however,  no  doubt  lost  some  chlorite  in  washing.  I 
have  shown  above  that  a  small  absorption  of  water  without  any 
other  great  change  might  make  a  great  change  to  chlorite,  but  in 
the  alteration  of  the  Calumet  and  Hecla  boulder  and  in  the  change 
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of  prehnite  through  elilorastrolite  we  nnmt  have,  however,  a  real 

"metasomatic"   action   in   which  magnesia   is   actually  introduced. 

The.  chemistry  of  the  mine  waters  and  a  further  discussion  of  the 

chemistry  of  the  copi^er  deposition  will  be  found  in  later  chapters. 

§  15.      DKNSrrY    OnSERVATIONS. 

The  density  of  the  rocks  is  generally  given  in  connection  wiith  the 
chemical  composition.  Of  this  it  is  indeed  a  function.  Yet  it 
seems  to  have  especial  importance, — enough  to  warrant  a  brief 
treatment  here,  especially  since  many  tests  have  been  made 
of  density  apart  from  chemical  analyses.  Jackson's  report**-  con- 
tains a  large  number  of  observations  of  density  scattered  through 
it  and  many  of  these  are  repeated  in  Foster  and  Whitney's  report. 
They  are  tabulated  below.  In  connection  with  the  analyses  which 
have  been  made  from  time  to  time  tests  of  specific  gravity  have  been 
made  which  are  assembled  in  the  tables. 

The  most  extensive  work,  however,  is  that  which  has  been  done 
by  President  P.  W.  McNair  in  connection  with  his  determination  of 
the  density  of  the  earth  by  the  obserx^ations  about  the  Tamarack 
shaft.  I  have  not  tried  to  abstract  this  work  which  is  not  yet  pub- 
lished but  a  word  of  explanation  may  be  of  interest  and  serve  to 
draw  attention,  to  it. 

Any  object  vibrating  before  a  source  of  attraction  vibrates  more 
or  less  rapidh'  according  to  the  strength  of  the  attraction.  This 
can  be  readily  tested  with  a  compass  needle  and  a  magnet.  It  is 
also  true  of  a  pendulum  attracted  by  the  earth.  The  rate  of  vi- 
bration of  the  pendulum  dei:)ends  upon  the  attractive  force  of  the 
earth.  The  strength  of  magnetic  attraction  may  be  measured  by  the 
pip  Compass  in  the  same  way.  Now  in  the  case  of  a  pendulum 
SAvinging  at  the  bottom  of  a  deep  shaft  the  pendulum  is  no  longer 
attracted  downward  by  the  whole  mass  of  the  earth  but  only  that 
part  which  is  still  beneath  it  and  it  will  accordingly  vibrate  slower. 
Comparing  the  rapidity  of  vibration  of  the  pendulum  swinging 
at  the  bottom  of  the  shaft  with  that  at  the  top,  one  can  compare  the 
attractive  force  of  the  spheroid  beneath  the  pendulum,— that  is  to 
say,  an  earth  which  has  a  radius  about  a  mile  shorter  with  the 
attraction  of  the  whole  earth — and  if  we  know  the  density  of  the 
intervening  shell — that  part  within  three  or  four  miles  around  the 
shaft  is  the  most  important, — it  becomes  possible  to  estimate  the 
density  of  the  earth.  In  consequence  President  McNair  had  a  large 
number  of  accurate  sp.  gr.  tests  made  and  he  has  kindly  enabled 

«=Ex.    Doc.   No.    5,   31st   Congres^s.   1849. 


KEWEENAW    SERIES    OF   MICHIGAN.  97 

me  to  cite  the  figiues  below.    It  will  be  noticed  that  Ihe  nu>an  value 
of  the  specific  gravity  of  the  trap  and  of  the  amygdaloid  is  vei-y 
nearly  the  same   although   the  amygdaloid   nmy   possibly   be  two 
per  cent  less  and  that  the  numerous  earlier  observations  of  si^ecific 
gravity  from  various  places  are  not  far  from  the  values  he  obtained. 
This  shows  that  his  values  are  fairly  representative  not  merely  for 
the  neighborhood  of  the  Tamarack  shaft  but  the  formation  as  a 
whole.     It  is  noticeable  that  whereas  the  amydaloid  was  originally 
a  very  bubbly,  open  and  glassy  rock,  probably  having  very  much  less 
density  than  the  trap,  it  is  now  all  about  the  same  density.    On  the 
whole  it  is  much  more  altered.     This  increase  in  density  will  be, 
then,  entirely  consistent  with  the  reactions  above  suggested  which 
seem  to  have  actually  produced  condensation.     It  is  note\\^oi'thy, 
too,  that  while  the  conglomerate  is  somewhat  lighter  than  the  traps, 
it  is  rather  heavier  than  one  would  think,  for  its  specific  gravity 
as  compared  with  the  quartz  porphyries  of  which  it  is  so  largely 
composed   is  several  per  cent  greater.     This  may  be  due  to  the 
very  considerable  presence  of  epidote  in  the  lower  and  calcite  in 
the  upiier  levels  which  might  make  a  difference  in  the  specific  grav- 

itv. 

The  minimum  value  of  the  specific  gravities  approaches  very 
closely  that  of  kaolin.  It  is  conceivable  that  through  zeolites  a 
much  less  specific  gravity  might  be  obtained  and  the  fact  that  no 
such  specific  gravity  was  obtained  in  the  three  hundred  and  eighty- 
eight  samples  shows  that  none  of  them  contained  any  large  amount 
of  the  lighter  zeolites.  These  results  are  of  considerable  interest 
in  connection  with  the  question  as  to  the  effect  of  secondary  chem- 
ical alteration.  I  think  it  may  be  fairly  said  that  there  is  no 
very  marked  sign  of  expansion  by  hydration  (although  on  the 
whole  the  mean  specific  gravity  is  somewhat  less  than  most  of  the 
basalts  whose  si)ecific  gravities  are  given  by  Rosenbusch)  for  the 
mean  value  is  just  about  that  of  the  Breitfirst  dolerite  and  the  max- 
imum value  of  the  specimens  and  their  range  compare  on  the  whole 
very  closely.     The  basaltic  glasses  are  distinctly  lighter. 

The  mean  density  is,  of  course,  a  factor  which  comes  in  in  nu- 
merous other  calculations  and  is  of  practical  value.  It  may  he 
worth  remembering  that  1,000  ounces  of  water  make  a  cubic  foot, 
nearly  enough  for  most  practical  uses,  so  that  by  multii)lying  the 
specific  gravitv  of  a  l-ock  by  1,000  you  will  get  the  weight  in 
ounces  of  a  cubic  foot.  The  average  weight  of  the  Keweenawan 
traps  is,  therefore,  about  2,880  <mnccs  or  180  i)ounds  per  cubic 
foot. 

13 
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The  following  are  the  data  that  I  owe  to  the  kindness  of  Presi- 
dent F.  W.  McNair  and  Prof.  James  Fisher,  Jr.,  of  tlu^  ^Michigan 
College  of  Mines.  They  are  derived  from  a  very  elaborate  series 
of  observations  made  near  the  Tamarack  shaft  in  connection  with 
President  McNair's  determinations  of  gravity.  It  was  found  with 
regard  to  the  deeper  samples  that  owing  to  the  presence  of  calcium 
chloride  no  definite  specific  gravity  could  be  found  so  that  the  ac- 
curacy of  the  fourth  decimal  place  in  individual  samples  was  nil. 

Mean  value  of  Specific  Gravity  of  Trap  (68  samples) 2.8865 

Maximum  value  of  Specific  Gravity  of  Trap 3 .0904 

Minimum  value  of  Specific  Gravity  of  Trap 2.7623 

Mean  value  of  Specific  Gravity  of  Amygdaloid  (50  samples) 2 .  8454 

Maximum  value  of  Specific  Gravity  of  Amygdaloid. 3.0936 

Minimum  value  of  Specific  Gravity  of  Amygdaloid 2.7034 

Mean  value  of  Specific  Gravity  of  Conglomerate  (10  samples) 2.7368 

Maximum  value  of  Specific  Gravity  of  Conglomerate. 2.8633 

Minimum  value  of  Specific  Gravity  of  Conglomerate 2.6180 

Mean  value  of  Specific  Gravity  of  Whole  (388  samples) 2.8754 

Maximum  value  of  Specific  Gravity  of  Whole  (epidote?) 3 .  2425 

Minimum  value  of  Specific  Gravity  of  Whole  (Fluccan) 2 .  .5427 

Jackson  gives  in  his  report  (p.  495)  the  following  specific  gravities: 

Crystalline  Black  Trap  from  Copper  Harbor 2 .743 

Red  amygdaloid  from  near  Porters  Island  near  Copper  Harbor 2.743 

Gray  amygdaloid,  extremity  of  K.  Pt 2 .702 

Gray  amygdaloid,  Eagle  Harbor ' 2 .743 

Porphyritic  trap  with  crystals  of  red  feldspar  from  Copper  Rock  Co. 

location,  south  side  of  Keweenaw  Pt.  Possibly  the  Kearsarge  foot 

or  diabase  porphyrite 2 .  751 

Lac  la  belle  Red  porphyry  (cf.  F.  W.  Wright,  may  be  Mt.  Houghton 

felsite,  but  more  likely  the  gabbro  aplite)  subcrystalline 2.631 

Amygdaloid  trap  containing  about  8%  copper 3 .925 

Resultant  for  Am.  trap  without  copper.     (A.  C.  L.  Comp.) 2.92  to  2.94 

Another  sample 3.112 

Compact  red  jasper  (felsite)  of  Mt.  Houghton. 2.572 

Granular  epidote  containing  26.1%  Metallic  Copper  from  Isle  Royale     4.854 

Resultant  for  epidote  withoiit   copper,  A.  C.   L. 4.20 

There    must  be  leucoxene  or  iron  oxides  mixed  with  the  epidote,  the 

specific  gravity  of  which  is  not  over  3.49. 

Copper  native  from  the  Copper  Falls  Mine 8.9308 

Copper  native  from  Boston  and  Pittsburg  Co.  (Cliff) 8.89 

8.93 

Silver , 10.496 

Silver,  not  perfectly  pure  from  No.  2 10.288 

No.  3 10.188 

No.  4 10.146 
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Macfarlaue  in  lii.s  report  made  extensive  tests  of  specific  gravities:*'^ 

For  Melaphyre  at  the  Quincy  mine  he  gives  specfic    gravity. 2.83 

Atlantic  mine  amygdaloid ._ 2.78 

Trap  under  Albany  and  Boston  .  •  ■  ■ 2 .81 

Trap  under  Albany  and  Boston  •  ■ 2.89 

There  are  also  a  large  number  of  observations  of  Michipicoten  rocks  running  as 
low  as  2.477,  but  the  "black  felsite"  usually  runs  about  2.573  to  2.678;  melaphyre 
glasses  are  usually  2.71  to  2 .  79.  The  greatest  density  he  gives  is  2 .  92,  but  generally 
the  melaphyres  run  a  little  under,  say  2.87  quite  as  McNair  finds  them. 

Marvine  in  Volume  VI,  Part  2,  pp.  97,  99,  100  (Bed  91,  sp.  gr.  2.95),  118  (Bed  1, 
sp.  gr.  2.94);  121  (Bed  17,  sp.  gr.  2.56);  123  (Bed  22,  sp.  gr.  2.72  and  2.77);  123 
(Bed  38,  sp.  gr.  2.79);  125  (Bed  45.  sp.  gr.  2.91);  129  (Bed  65,  sp.  gr.  2.70-2.66);  130 
(Bed  66,  sp.  gr.  2.98  in  melaphyre,  in  amygdaloid  2.84,  (Bed  67,  sp.  gr.  in  melaphyre 
2.88);  131  (Bed  82,  sp.  gr.  in  melaphyre  2.87),  133  (Bed  90,  sp.  gr.  in  melaphyre 
2.89)  (Bed  91,  sp.  gr.  2.89-3.01-2.95)  (Bed  92,  sp.  gr.  2.89);  134  (Bed  94,  sp.  gr.  2.94) 
(Bed  96,  sp.  gr.  2.90);  135  (Bed  104,  sp.  gr.  2.91)  (Bed  107,  sp.  gr.  3.03),  136  (Bed 
108,  sp.  gr.  2.95-2.92)  gives  a  number  of  specific  gravities  on  the  Eagle  River  sec- 
tion, especially  of  the  Greenstone.  The  specific  gravity  of  the  rock  he  made  3.02, 
feldspar  2.73,  augite, — probably  an  ophitic  impure  grain?  3.39.  At  the  margin 
(Bed  91)  he  found  specific  gravity  2.92  at  bottom,  perhaps  more  glassy,  2.95  at  top. 
Other  observations  are  given  both  of  melaphyres,  amygdaloids  and  sandstones. 
The  latter  (No.  17,  2.56,  No.  26,  2.68,  No.  63,  2.61)  run  distinctly  lighter.  He 
notes  No.  65  as  (2.98)  extra  heavy  owing  to  "the  copper  and  iron  present."  No. 
67  was  2.88.  The  average  of  ten  observations  on  the  Greenstone  beds  90-108  is 
2.939. 

I  diO  not  find  that  Irving,  Wadsworth,  or  Kominger  paid  mncli  at- 
tention to  specific  gravities,  as  microscropic  methods  of  determining 
the  rocks  were  superseding  them. 

While  the  more  augitic  flows,  the  ophites,  one  might  expect  to 
find  heavier  and  darker  tJian  the  porphyrites  with  more  soda,  the 
difference  is  completely  disguised  by  other  factors  of  primary'  or 
seciondary  variation  such  as  the  relative  abundance  of  epidote  and 
copper,  or  chlorite  and  calcite  and  zeolites  among  minerals,  and  the 
amount  of  primary  olivine  and  iron  oxides.  The  felsites  are,  of 
course,  distinctly  lighter,  as  well  as  the  sandstones. 

§  16.   TABLES  OF  ANALYSES  AND  NOTES. 

Table  I. 

Lighthouse  Point  dike.  This  with  the  analysis  of  Tables  II  ^'III 
are  perhaps  of  the  original  Keweenawan  magma  and  are  of  intru- 
sives  showing  but  slight  differentiation,  a  little  accumulation  of 
CaO  at  center.  They  were  analyzed  June  30,  19()o,  under  direc- 
tion of  E.  D.  Campbell,  by  E.  E.  Ware  at  Ann  Arbor.     (See  Jour- 

«3Geology  of  Canada,  1866,  pp.  142,  143,  147,  154,   160. 
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nal  of  Geology,  XII    (1904)    p.  89).     They  show  very  lujiiUcd  re- 
semblance to  Nos.  1  and  2,  perha])s  fi-oiu  a  "Logan  sill"  of  Table  II. 


1 

la 

3 

3a 
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6a 

8 

8a 

Si  0  2          

46.98 

17.85 

3.13 

10.36 

7.16 

8.47 

2.04 

.60 

1.45 

3.02 
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.174 
.020 
.143 
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.151 
.032 
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.081 
.167 
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10.75 

2.21 
.65 
.05 

2.02 

.794 
.171 
.015 
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141 
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.002 
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.176 
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159 
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.172 
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.158 
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.26 
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.002 
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.002 

Alkali  m. 

101.80 
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.048 

.0473 
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.053 

.0012 
3 .  02 

100.744 

1  .  554 

.  047 

.  0032 
3.01 

109.522 

1.547 

0472 

Silica  m. 
Pore  .space  to 

.0018 

Sp.  Gr.' 

3  .  02 

iTaken  in  gasolene. 

1.  Contact. 

la.  Molecular  proportions. 

3.  .616  mm  from  margin. 

3a.  Molecular  proportions. 

6.  4.115  mm  from  margin. 

6a.  Molecular  proportions. 

8.  7.6  mm  from  margin. 

8a.  Molecular  proportions. 


Table  II. 

Analyses  by  A.  N.  Winchell,  of  Minnesota  Keweenawan  rocks. 
Nos.  1  and  2  are  of  a  sill  very  much  like  the  Lighthouse  Point  dike, 
wiith  possibly  a  slight  settling  of  iron  to  the  bottom,  lower  north- 
ern side.  Or  is  the  iron  absorbed?  These  are  from  his  thesis 
("Study  of  the  Gabbroid  Rocks)  of  Minnesota")  of  intrusives  of 
probably  Keweenawan  age,  except  perhaps  No.  3.  They  are  given 
on  page  149  of  the  French  edition  of  the  thesis  and  also  in  the 
American  Geologist,  Dec,  1900,  pp.  373-376  (and  p.  262j. 
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1 
1       1        la 

2 

2a 

3 

3a 

4 

5 

5a 

Si  0-... 
AI2  O3 
Fe.  0, 
FeO.  . 
Mg  0. . 
Ca  0 .  . 

Naa  0. 

K2O.. 
HoC— 

h;o+ 

Ti  Oo 

47.70 

19.04 

.87 

8.84 

8.65 

8.96 

2.53 

.53 

i 

1    1.38 
1.80 
n.d. 

.795 
.186 
.005 
.123 
.216 
.159 

.041 

.005 

.078 
.022 

47.90 
19.92 
4.92 
9.78 
4  55 
8.56 

2.75 

.56 

1       .  76 
.57 

.798 
.195 
.  030 
.137 
.113 
.152 

.  044 

.005 

.043 
.006 

49.78 

29.37 

.34 

.60 

1.01 

1 1  .  86 

4  .  39 

.46 

1.76 

.830 
.288 
.002 
.008 
.025 
.211 

.071 

.  005 

.097 

53.38 

29 .  70 

.21 

tr.       ■ 
11.90 

4.30 

.56 

.37 

35.81 
14.32 
7.38 
15.25 
10.49 
17.23 

2.06 

■"      .37 
/ 

\    5.23 
2.30 

.596 
.140 
.046 
.211 
.262 
.307 

.033 

.003 
.291 

.028 

P2O0. 
CO  9 

s 

SOo 

::;::::: 

Mn  6.. 
Ba  SrO 

tr. 
.00 

tr. 

.08 

.001 

.18 

.002 

Al.  in. 

Sil.  m 
Sp.  qr. 

100.30 

1.629 

.058 

100.27 

1.523 
.061 

99.80 
2.676 

1  .  538 
.092 

100.42 
2.701 

100.62 

1.919 
.060 

1. 

la. 
o 

2a. 

3. 

3a. 

4. 

5. 

5a. 


Birch  Lake  gabbro. 
Molecular  proportions. 
Logan  sill.  Birch  Lake,  east  side. 
Molecular  proportions. 
Carlton  Peak  '"plagioclasyte." 
Molecular  proportions. 
Plagioclase  of  3,   (p.  2G2). 
Troctolyte  near  Duluth. 
Molecular  proportions. 


Table  II T. 

Duluth  gabbro  analyses  to  be  compared  with  the  Ashbed  magma. 
Table  XII.  It  has  large  (3mm.)  labradorite  phenociysts,  rhocrys- 
tals,  aiTanged  in  flow  lines,  and  has  numerous  ramifying  aplitic 
red  veins.  Cf.  the  Mt.  Bohemia  rocks.  (Tables  IX  and  X).  This 
difl'ers  from  the  Gowganda  (Canada)  diabase  of  Bowen  in  having 
more  iron  and  less  magnesia  and  lime.  The  Sudbury  norite  has  as 
much  ii*on,  but  a  lower  alkali :  silica  ratio. 
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1 

la 

2 

2a 

3 

3a 

4 

Si  O2 

52.48 
15.47 
5.14 
9.25 
2.55 
7.27 
■.i .  26 
1.75 
f 

1    1.24 

1.26 

.29 

.875 
.152 
.0.32 
.128 
.063 
.130 
.052 
.018 

.068 
.011 
.001 

49.15 
21.90 
6.60 
4.54 
3.03 
8.22 
3  .  83 
1.61 

1.92 
.18 
.33 

.819 
.215 
.041 
.063 
.076 
.146 
.062 
.017 

.107 
.002 
.002 

45 .  65 
15.20 
6.71 
13.81 
2.95 
6.33 
3.09 
1.05 

2.29 

1.66 

.25 

.760 
.149 
.042 
.192 
.074 
.113 
.050 
.011 

.127 
.020 
.001 

46.29 

Al  2  0  3    

18  20 

Fe  9  0  Q 

4.98 

Fe  0 

5.52 

Mg  0 

8.24 

Ca  0 

8.86 

NaoO 

K2  0 

3.30 
.76 

H  9  0 —         

Hs  0+ 

Ti  O2 

3.42 

p,  O5      

CO,         :. 

s            

Cu.p.n.d 
n.  d. 
11.  d. 

SO  3    

Mn  0       

.51 

.007 

.71 

.616 

Alkali  m. 

100.47 

1.540 
.081 

101.31 

1.550 
.0965 

100.70 

1.549 

.080 

Silica  m. 

la. 

o 


2a. 
3. 
3a. 
4. 


From  A.  N.  Wineliell,  p.  293,  No.  1797.  No  appreciable  BaO 
or  SrO.     Sp.  Gr.  2.81  to  2.84. 

Molecular  proportions. 

Same  cited  from  A.  Streng,  Neues  Jahrbuch,  1877,  p.  117. 
MnO  and  Fl  not  determined.  TiO^  and  PoO^  detemiined 
separately.     Original  total   100.80.     Chalcopjrite  present. 

Molecular  proportions. 

Hornblendic  variety,  of  No.  1  richer  in  iron. 

Molecular  proportions. 

Averao-e  of  analyses  of  15515 


Ashbed  diabase,  Isle  Ro.yale  hole  10. 
has  more  MgO  and  contained  olivine. 


(top)   and  15523   (bottom)   of 
338-415  for  comparison.    This 


Table  IV. 


Bunsen's  normal  trachytic  and  normal  pyroxenic  analyses  for 
comparison.  The  Keweenawan  magma  is  short  in  lime  comjiared 
with  the  normal  ]>yi'oxenic,  but  the  ophites  approach  it  closely. 
This  may  be  the  pyroxenic  eutectic,  while  the  normal  trachyte  is 
not  far  from  ^"ogt's  and  Teall's  micropegmatite  eutectic.  Nos. 
1  and  3  are  Bunsen's  ideal  normal  trachytic  and  pyroxenic  magma 
while  Nos.  4  and  5  are  actual  analyses  of  Iceland  rocks  supposed 
to  be  a  mixture  of  the  two  in  varying  }iroportions.  These  are  cited 
from  Neumayr's  Erdgeschichte,  Vol.  I,  p.  169.  No.  2  is  of  a 
spherulite  fi'om  a  porjthry,  cited  by  ^'ogt  after  L«gorio  as  Nos.  22a 
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and  31b  of  liis  table  of  quartz  feldspar  eutecties,  p.  174,  Part  II 
of  ''Die  Silikatschmelzlosungen." 


1 

la 

2 

3 

3a 

4 

4a 

5 

5a 

Si  O2.... 
AI2  O3.. 
F  e  2  03 .  . 

76.67 
14.23 

s 

0.28 
1.44 
4.18 
3.20 

1.27/ 
?.128 
?   013 

.007 
.026 
.068 
.034 

76.48 

12.06 

0.95 

0.39 
0.64 
4.89 
3.78 

f 

\V0.77 

48.47 
30.16 

6.89 

11.87 

1.96 

0.65 

.807 
.147? 

f  .095? 

\ 

.172 
.211 
.031 
.006 

51.75 
28.31 

.862 

73 .  37 
16.09 

1.222 

Fe  0 

MgO.... 
Ca  0 . . . . 
Na2  0... 
K2O.... 
Ho  0— .. 

6. 13 

10,65 

2.20 

0.96 

.153 
.190 
.035 
.010 

1.05 
2.66 
3  93 
2.90 

.026 
048 
.063 
.031 

H2O+.. 

Ti  O2.... 

P2  O5. .. 

CO  2 

S      

SO3 

Alkali  m . 

.080 

.097 

.045 

Silica  m . 

1 
1 

100.00 

1.412 

99.96 

100.00 

1.227 

100.00 

1.250 

100.00 

1.390 

1. 

la. 


:5a. 

4. 

4a. 

5. 

5a. 


Noniial  trachytie. 

Molecular  proportions. 

8pherulite  (quartz  feldspar  eutectic)  El  Pablon,  de  Itulgache 

Ecuador. 
Normal  pyroxenic. 
Molecular  proportions. 
Reygadalr  Foss. 
Molecular  proportions. 
Klettaberge. 
Molecular  proportions. 


Table  V 


Analyses  of  minerals  of  Keweenawan  basic  rocks.  Nos.  1  to  3 
are  from  United  States  Geological  Survey  Bulletin  418,  p.  51. 
With  No.  1  sliolild  be  compared  analyses  G,  I,  J,  K  of  the  same 
bulletin,  page  56,  of  Minnesota  gabbro  feldspars.  With  No.  3 
should  be  compared  an  old  analysis  by  Jackson  (Table  XIV,  No.  3) 
and  analysis  5  by  Winchell.  It  appears  that  plntonic  rocks  crystal- 
lize under  conditions  in  which  less  alumina  goes  into  the  p3'roxene. 
Cf.  r  and  other  analyses  in  Idding's  table  of  analyses  of  pyroxene. 
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1  H 

2  I 

3  J 

4 

5 

6 

Si  O  ^    

53.30 

29 .  03 

.55 

.23 

.13 

11.40 

4.87 

.40 

.23 

49.80 

2.86 

2.48 

10.82 

15.33 

16.50 

.51 

.12 

.33 

45.05 

.16 

5 .  50 

14.90 

15.15 

10.72 

1.27 

.78 

.13 

4.39 

48.34 
2.90 
4.68 
14.15 
1 1 .  34 
15.10 

33   57 

Al  ■)  O  3             

Fe^Os 

Fe  0 

50 .  29 
30 .  70 

48  74 

Mg  0 

17  69 

Ca  O ; 

Na  2  O 

Ko  O 

H  n  0 —      • 

1.98 

H^  0+ 

Ti"0 

8.77 

trace 
trace 

1.29 
trace 

P2  0-, 

CO  ^ 

Sr  0   

trace 
none 
none 
trace 

none 
trace? 
.37 
none 

Li  2  0 

Mn  0        

1.58 

Ba  0 

89.46 

100.14 

100.41 

99 .  63 
3.316 

98.49 

1.  Magnetite. 

2.  Labrndorite  Ab^„  An^,,. 

3.  Diallage. 

4.  Pyroxene  from  Pigeon  Point  diabase.     Am.  Geol..  Oct..  1000. 

p.  203.    A.  N.  Winchell. 

5.  Diallage  from  Pigeon  Point.     Am.  Geo!..  Oct..  1900,  p.  203. 

Kiggs. 
0.     Olivine.    Am.  Geol..  Oct..  1900,  p.  204.     A.  N.  Winchell. 

1.  Limestone  Monntain. 

2.  Native  silver  gangne,  p.  480. 

3.  Water  in  prehnite,  p.  484. 

4.  Apophyllite,  p.  484. 

5.  Apophyllite,  p.  484. 
0.  Analcite  i*ed,  p.  485. 

7.  Oliff  vein,  p.  489. 

8.  Wollastonite,  p.  491. 

9.  Wollastonite,  p.  491. 

10.  Anhydrous  prehnite  table  spar  or  ''Jacksonite."  p.  492.    See 

conmients  later. 

11.  Chlorastrolite.  p.  493.     F.  &  W.,  p.  97. 

12.  Chlorastrolite.  p.  492.     F.  &  W.,  p.  97. 

13.  Soils  over  Lake  Superior  sandstone,  p.  497. 

14.  Soils  over  Trap. 

15.  Leonhardite  ( lanmontite).  p.  513. 
10.  Meiidelliall's  mine,  p.  513. 

17.     F.  &  W.  II,  p.  88.    Hydrous  epidote? 

Much  better  analyses,  and  very  important  is  the  work  of  F.  F. 
Grout.  Science,  XXXII.   [VMO)  p.  314. 
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Table  VII. 


Mount  Houghtou  quartz  porphyry.  From  L.  L.  Hubbard,  Geol. 
Sur.  of  Mich..  Vol.  VI,  Pt.  II.  This  rock  is  reported  by  Jackson 
(p.  495)  as  having  Sp.  Gr.  2.572.  The  analyses  were  all  by  F.  P. 
Burrell.  , 


1  J 

la 

2 

2a 

3 

3a 

Si  O  9                                

75.67 
12.43 
2.27 
0.15 
0.00 
tr. 
2.01 
6.73 
/    0.41 

1.261 
.121 
.014 
.002 
.000 

"  "  '.  032 ' 
.071 
.022 

80.05 
9.73 
1.72 
0,18 
0.00 
0.83 
2.19 
4.43 
1.03 

1 .  332 
.095 
.010 
.002 
.000 
.014 
.035 
.047 
.057 

69.76 
13.14 
1.44 
0 .  66 
0.18 
0 .  36 
2.52 
11.90 
0.42 

1    162 

Al,   O3     . .                       

.128 

Feo  O3                             

009 

Fe  0 

Mg  0        

.009 
.OCH 

Ca  0                              

000 

■r\f  a  9  0          

.040 

KoO        

.126 

H  ,  0—                                  

.024 

H2O  +  .  ..                               

Ti  O2                                          

p„  O-                                 

COo 

S 

SO3 

Mn  0 

tr. 

.082 

tr. 

Alkali  m.  T 

.066 

143 

Silica  m.    J 

99.67 

1.521 

100.16 

1.589 

100.38 

1.499 

1.1  Hubbard,  p.  28. 

la.  ^Molecular  proportions. 

2.  17193  A-  end  of  Mt.  Houghton.    Hubbard,  p.  42. 
2a.  Molecular  proportions. 

3.  1G951  Mt.  Houghton,  south  (lower)  side. 
3a.  Molecular  proportions. 

^1  does  not  fuse  at  900°.  cakes  and  bleaches,  has  few  small  phenocrysts  of  feldspar. 
=17193A    shows    infiltered    quartz. 
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Table  VIII. 

Transition  rocks,  porphvrite  flows  below  Mount  Honghton  quartz 
porphyry.  From  L.  L.  Hubbard,  F.  P.  Burrall,  analyst.  Perhaps 
Tables  V  and  VI  are  both  too  high  in  alkalis,  like  Cook's  analyses, 
as  A.  N.  Winchell  suggests  (Jour.  Geol.,  XVI  (1908),  p.  771). 
They  indicate  differentiation  from  right  to  left  along  the  eutectic 
valley  (Fig,  12)  of  the  same  kind  as  that  from  the  Mount  Bohemia 
gabbro  (Table  X)  to  gabbro  aplite  (Table  IX)  or  syenite. 


1  E 

la 

2G 

2a 

3 

3a 

Si  O  2    

52.83 
16.30 
9.60 
2.48 
3.98 
2.98 
6.54 
2.49 

/ 

I    2.76 

.880 
.160 
.060 
.035 
.099 
.053 
.105 
.025 

.153 

51.45 
15.75 
11.12 
1.74 
1.94 
0.12 
7.84 
3.51 

1.23 

.957 
.154 
.069 
.024 
.048 
.002 
.126 
.037 

.067 

59.52 
15.58 
7.24 
1.86 
2.11 
1.81 
6.82 
3.48 

2.23 

991 

AI2  O3 

FejOa 

Fe  0 

.153 
.045 
027 

Mg  0 

052 

Ca  0 

032 

Na  2  0 

109 

K2O 

H  0  0 —    

.036 

H^  0+ 

.123 

Ti  0  , 

P,  Os 

CO2 

s.. 

SO3 -• 

9 

Alkali  m. 

.148 
1.567 

100.70 

.170 
1.484 

147 

Silica 

Sum 

99.96 

1.572 

1.  17033  Hubbard,  p.  25, 
la.  Molecular  proportions. 

2.  17007  Hubbard,  p.  26.=^ 
2a.  Molecular  proportions. 

3.  17039=^  p.  2G. 

3a.  Molecular  proportions. 


diabase  porphvrite.  Bed  E.^ 


^Fusible  about  900°  C  with  microlitic  ground  mass  and  plienocrysts.  Bed  E  of  the 
Mr.    Houghton   felsite   series. 

-Feldspar  near  albite.  Ct.  gabbro  aplites.  Bed  G.  Separated  from  E  by  amygdaloid 
conglomerate.  915X..  1060  W.      Sec.   20.  T.   58  X..   R.   28  W. 

^Fusible  about  900°  C  to  dark  brown  glassy  globule.  1340X.,  360  W.  Sec.  27,  T. 
58  N.,  R  28  W.  cf.  Pray.sville  porphyry  wjtfi  59.52  Si,  O2,  much  more  porphyritic; 
felsite    porphyrite,    Hubbard,    quartzless    porphyry,    Irving. 
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Tablp:  IX. 

Intrusive  red  rock  or  jj^abbro  aplite  of  Mount  lioliemia.  See  F. 
E.  Wright,  annual  report  for  1!)()8.  Of.  Kowen'ss  (Jowganda,  and 
tlie  Cobalt  (Canada)  -aplites/  the  Pigeon  Point  rocks  and  other 
analyses  cited  by  Daly,  A.  J.  S..  XX  (1005).  pp.  103-21?,.  The 
(••pecific  gravity  of  rock  such  as  NovS.  5  and  G  according  to  Jackson 
is  2.031.  Nos.  5  and  G  are  check  analyses  from  the  same  rock 
specimen  (not  ground  jjowder)  by  Newell  Cook  at  Albion  and  L. 
Kirschbraum  of  Ann  Arbor.  Ck)ok  died  before  his  work  was  fin- 
ished and  some  figures  are  certainly  wrong.  Much  like  Bowen's 
Gowganda  granophyre,  but  I  suspect  secondary  introduction  of 
an  iron  chlorite. 


5 

5a 

6 

6a 

7  Norm. 

Si  O  ■>        

64.53 
4.1.3 
2.73 

12.82 
2.13 
4.35 
0.24 
3.86 
0.20 
2.60 
.63 
0.41 

tr. 

1.075 
.041 
.017 
•      .178 
.053 
.078 
.004 
.041 
.011 
.144 
.008 
.003 

62.28 

17.54 

1.55 

5.64 

1.51 

4~6 
2.97 

1.038 
.171 
.010 
.078 
.038 
.062 
.069 
.032 

Ouartz 

Ort  hoclase .... 

Albite 

Anorthite 

Corundum .... 
Hypersthene. . 

Ilmenite 

Magnetite .... 

12  90 

AI2  O-i 

17.78 

Feo  O3 

36   18 

Fe  0 

17.23 

Mg  0        

92 

Ca  0 

11   07 

Nao  0              

1   98 

Ko  0        

2  32 

H  2  0— 

Ho  0+         

Ti'Oo    

.98 

.013 

Po  O's 

062          

S         .  . 

SO  3 

0.62 
0.79 

.008 

on 

Mn  0 

100.04 

1.672 

.041 

2.668 

100.17 
.098 

1.511 

100.38 

Alliali  m. 

Silica 

Sp.  Gr 

'Journal  of  the  Can.  Min.  Inst.  XII.,  1909,  p.  517. 


5.  Gabbro  aplite.     Cook  loc.  cit. 
5a.  Molecular  proportions. 

6.  Gabbro  aplite.     K.  loc.  cit. 
6a.  Molecular  proportions, 

7.  Norm. 
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Table  X. 

Mount  Bohemia  oligoclase  gabbro  and  allied  rocks.     See  annual 
report  for  1008.  p.  369. 


Si  O  2 .  . 
AI2  O3. 
FeoOs. 
Fe  O. .  - 
Mg  O .  . 
Ca  O. . . 
Nas  O.. 
K2O.  . 
H2O-- 
H2O  + 
Ti  O2.  . 
P2O5.. 
CO2.  .  . 

S 

SO3.... 
Mn  O.  . 


1  la  2  2a 


45 .  30 
11.81 
9.94 
9.31 
8.09 
8.05 
0.93 
4.07 
0.30 
2.70 
1.15 
0.80 
1.49 


.755 
.116 
.062 
.129 
.202 
.144 
.014 
.  043 
.017 
.150 
.014 
.006 
.034 


46.01 
16.95 
5.14 
9.83 
6.20 
6.71 
2.22 
1.71 


2.48 


.766 
.167 
.032 
.137 
.  1 55 
.120 
.035 
.018 


.031 


Alkali  m . 


Silica  m . 
Sp.  Gr. . . 


1.  By  N.  Cook. 

la.  Molecular  proportions. 

2.  By  L.  Kirschbraum. 
2a.  Molecular  proportions. 


0.72 
0.84 


.009 
.012 


105.50 


1 .  707 

.078 
2.913 


97.25 


1.461 
.056 


Table  XI. 

Mount  Bohemia,  ophite  and  contact  modification  of  it.     See  re- 
port for  1908,  p.  377. 


1 

la 

2 

2a 

3 

4 

5 

5a 

Si  Oo        

44.91 

18.01 

4.50 

7.64 

7.67 

7.49 

1.75 

1.33 

/    4.16 

\b.vdiff. 

2.54 

.748 
.176 
.028 
.106 
.192 
.134 
.028 
.014 

47.01 

17.80 

5.32 

6.59 

8.75 

5.31 

2.00 

1.58 

1    3.45 

/  bv  fliff 

2.19 

.783 
.174 
.033 
.092 
.219 
.095 
.032 
.017 

'  ■  '  !026' 

45.69 
14.44 
6.21 
9.39 
2.19 
7.44 
0.96 
6.96! 
0 .  55 
2.35 
1.90 
0 .  32 
tr. 

45.85 

10.97? 

4.97 

13.79 

1.61 

5.71 

■    0,91 

9.29? 

0.35 

2.55 

1.69 

0.38 

45.9 
15.15 
5.00 
8.00 
8.00 
7.5 
2.00 
1.5 

.45 
2.45 
2.00 

.35 

.765 

Al 0  0  3 

.148 

Feo  O3 

Fe  0 

.031 
111 

Mg  0        

.200 

Ca  0 

Nao  0 

K2  0 

H  0  0— 

Ho  0+           .... 

.134 
.032 
.016 
.026 
.136 

Ti  0  0 

.030 

.024 

P2  Oj 

.002 

CCt  r. 

SO  3 

1..30 
0.33 

1  .78 
0.14 

1.5 
.2 

.019 

Mn  6 

.003 

1.456 

96.55 

' 

Alkali  m. 

95.84 

.  055 

1.471 
.063 

100.03 

99.99 

100.00 

.063 

Silica  m. 

no 
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1.  Normal  ophite,  Sp.  2,  F.  H  W.  21.     This  seems  low  in  CaO 

and  SiOo  for  a  normal  ophite.     It  may  be  that  iron  and 
magnesia  have  been  introduced  in  place, 
la.  Molecular  proportions. 

2.  Contact  phase  of  same  showing  alteration.     Sp.  2,  F.  E.  W. 

37.     L.  Kirschbraum,  analyst. 
2a.  Molecular  proportions. 

3.  Duplicate  of  Xo.  1.     Analyzed  by  N.  Cook. 

4.  Duplicate  of  No.  2.     Analyzed  by  N.  Cook. 

5.  Most  probable  analysis,  estimated    by    A.    C.    L.,    from    all 

four  analyses,  since  there  seems  to  be  no  essential  differ- 
ence in  compoisition.    Cf.  Tables  III  and  XII  to  XV. 
5a.  Molecular  proportions. 


Table  XII. 

Analyses  of  sodic  melaphyres  of  "Ashbed,"  Tobin,  or  melaphyre 
porphyrite  type. 


1 

la 

2 

2a 

3 

3a 

4 

Si  0-. 

50.07 
12.63 
3.84 
10.30 
5.23 
6.55 
3.53 
1.90 
0.86 
1.96 
2.50 
0.22 
0.00 

.834 
.123 
.024 
.143 
.131 
.117 
.056 
.020 
.048 
.109 
.030 
.001 
.000 

46.45 
16.60 
2.72 
7.25 
9.21 
6.32 
4.05 
1.02 

1  loss 

/    5.01 

0.774 
0.163 
0.017 
0.100 
0 .  230 
0.112 
0.065 
0.010 
on  ign 
0.278 

49.27 
16.75 

7.78 
4.86 
7.44 
5.47 
5.42 
0.48 

.834 
.150 
.073 
.054 
.090 
.094 
.080 
.012 

50  03 

Alo  O3 

15.38 

Fe  ■)  0  3    

11    78 

Fe  0        .... 

3  90 

Mg  0£ 

3.60 

Ca  0 

5.39 

Nao  0 

5  01 

K-  0 

1    14 

H  ■>  0 — 

Ho  0+ 

3.72? 

.150 

2  73 

Ti  Oo 

P2  o"i 

.33 

CO2 

S 

0.40 

0.009 

0.92 

.020 

0.98 

SO  3 

Mn  0 

0.42 
0.02 

Trace 

Ba  0 

Alkali  m. 

100.03 
.091 

1.636 

99.03 

1.758 
.098 

101.19 

1.557 
.111 

99.94 

Silica  m . 

1.  Bed  651  Eagle  River, 
la.  Molecular  proportions. 

2.  15515  Isle  Eoyale,  p.  146.- 
2a.  Molecular  j>i'oportions. 

3.  15537  Isle  Royale,  p.  215. 
3a.  Molecular  proportions. 

4.  Streng's  melaphyr  ix)rphyr,  N.  Jahrbuch,  1877,  p.  48,  Irving, 

V,  p.  277.    Compare  the  '^melaphyre"  (ophite)  on  p.  55. 

iJournal  of  Geol.   XVI,  p.  772. 
2Vol.  VI,   Part  I,  pp.  215,  143.  146. 
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Ill 


Table  XIII. 

Melaphyre  analyses  of  uncertain  affinities.  Xo.  1  (see  Vol.  VI, 
p.  215)  is  16  feet  from  the  top  of  a  typical  ''Aslibed"  nielaphyre 
porphyrite.  Xo.  2  is  from  the  middle  of  a  bed  (Eagle  River  87), 
the  bottom  of  which  is  a  lime  nielaphyre,  just  above  the  "Mesnard 
epidote''  and  below  the  Pewabic  lode.  Cited  from  Pumpelly, 
Proc.  Am.  Ac.  XIII,  p.  285.  See  also  Irving'.  Xo.  3  is  an  old 
analysis  of  a  rock  which  being  above  the  Greenstone  is  more  likely 
to  be  a  sodic  melaphyre. 


1 

la 

2 

2a 

3 

3a 

Si  0  o                    

46.99 
18.47 
4.44 
7.24 
6.03 
9.53 
3.37 
0.33 
3.90 
loss 


.783 
.181 
.027 
.100 
.151 
.169 
.054 
.003 
.216 

49.20 
16.00 
3  .  03 
7.10 
6.98 
3.44 
5.05 
1.31 
4.51 

.820 
.157 
.019 
.  099 
.175 
.061 
.081 
.014 
.250 

47.97 
15.56 

.799 

Al  2O3 

.152 

Fe  0     

i2.4i 
8.28 
7.07 
6.24 

.172 

Mg  0        

.207 

Ca  0                         

.126 

jja  0  0                   

.100 

KoO                            

H I  0 —        

2. 46 

.137 

H  2  0  + 

Ti  0  0                                    

2.26 

.027 

P2  O- 

co,                                   

s 

so. 

Mn  0 

trace 

1.17 

.016 

Alkali  m. 

100.30 
"2.961' 

1.684 
.073 

1.719 
0.114 

99.99 

1.693 

Silica  m . 

0.125 

1"    "■  " 

1.  155331  Isle  Royale,  p.  215. 
la.  Molecular  proportions. 

2.  Eagle  River  Bed  Xo.  87. 
2a.  Molecular  proportions. 

3.  Rock  Harbor  trap,  F.  &  W.,  Pt.  II,  p.  88. 
3a.  Molecular  proportions. 


*At  the  page  cited  will  be  found  another  check  analysis  which  Is  from  the  same 
bed,  3  feet  farther  from  the  top.  This  is  16  feet  from  the  top.  It  is  the  same  bed 
as    15537    but    has   more    lime. 
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Table  XIV. 

Analyses  of  the  great  flow  kuown  as  the  ''Greeustoue," — typically 
an  ophite,  at  any  rate  at  the  base,  (see  Pis.  II  and  III)  though 
large  plagioelase  rhyocrysitals  occasionally  occur.  None  of  the 
analyses  are  satisfactory.  The  Foster  and  Whitney  (1)  and  Jack- 
son analyses  (3)  are  old  and  incomplete,  and  the  recent  U.  S.  G.  S. 
analysis  No.  2  shows  no  potash.  The  Jackson  analysis  (3)  is  sup- 
posed to  be  of  the  pyroxene  only,  but  is  probably  of  augite  con- 
taining feldspar  and  magnetite.  The  latter  was  extracted  before 
analysis.  For  comparison  an  ideal  analysis  of  a  nielaphyre  con- 
taining .20.5  per  cent  of  copjier  is  placed  beside  it. 


1 

la 

lb 

2 

2a 

3 

3a 

4 

5 

Si  O2.... 

Al   2  0  3  .   . 

Feo  O3 

50 .  20 
15.43 

.836 
.151 

26.08 
7.22 

47.69 

16.02 

2.41 

8.70 

8.31 

10.54 

2.44 

.795 
.157 
.015 
.121 
.208 
.188 
.039 
.000 
.025 
.114 
.016 
.001 
.000 
.000 
.  000 
.003 

51.28 
17.12 

.855 
.168 

47.2 

15.8 

4.00 

7.2 

6.8 

18.— 

45.2 

16.1 

4.9 

Fe  0 

Mg  0.  .  .  . 
Ca  0 

Nao  0 

13.79 
8.62 
5.47 
4.75 

.192 
.215 
.097 
.076 

3.06 
3 .  34 
1.56 
1.22 

3.90 

7.33 

19.55 

.054 
.170 
.349 

4.6 

7.5 

10.6 

5.8 

Ko'O 

1 

Ho  0 — 

1.74 

.097 

1.55 

0.44 
2.04 
1.38 
0.06 

4.1 

Ho  O-h 

J 

Ti*0  . 

p.,  O- 

CO  0 

s 

SO  3 

Mn  0 . . .  . 

0.26 

0.99 

.014 

0.9 

Cu  0  -2  .  6 

100.00 

1  .  661 
.094 

100.29 

1 .  680 
.049! 

100.17 

1.610 

99.9 

101  .3 

Silica  m 

1.  F.  &  W.  J't.  II.  p.  SS. 
la.  Molecular  proportions, 
lb.  Oxygen  of  same. 

2.  A.  N.  Winchell.  p.  772. 
2a.  Molecular  proportions. 

3.  Pyroxene  from  same. 

3.  Pyroxene  Jackson  (p.  494)  gives  this  analysis  of  a  "pyroxene" 
associated  with  feldspar,  magnetite  and  ilmenite  on  a  hill 
in  Sections  12  and  13,  T.  58  N.  R.  28  W.  This  is  almost 
certainly  from  the  Greenstone  Range.  The  H.  was  5.5, 
Sp.  gr.  3.478.  It  may  have  been  one  of  the  ophitic 
augite  1  latches  as  that  Avonld  account  for  the  alumina 
and  alkalis'.  The  magnetic  part  he  separated.  If  we 
add  enough   FeO  FeJ).^  to 'make    the    amount  of  iron 


Michigan  (icological  and 
Biological  Survey. 


Publication  G,  Geology  4. 
Plate  III. 


(A.)     WEATHERED  SURFACE  OF  OPHITE  TAKEN  ATJABOUT  THE  SAME  TIME 
AS  PLATE  II  BY  W.  J.  PENHALLEGOX. 


(B.)      WEATHERED  SURFACE   OF  AMYGDALOID  CONGLOMERATE   AFTER   FIG- 
URE 2,  PART  2  OF  VOLUME  VI. 
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3a. 
4.- 

5. 


generally  found  in  the  Greenstone, — say  8.3%  FeOFeaOs 
— the  analysis  will  be  closely  that  of  the  Greenstone 
except  tliat  the  alkalis  were  not  tested  and  the  lime  is 
extra  high.  Assignment  of  the  bases  to  the  silica  in- 
dicates strongly  that  some  alkalis  were  present,  per- 
haps included  with  the  lime  in  this  old  analysis.  Com- 
pare, however,  Doelter's  analysis  (Hintze  CCCXI)  of 
brown  augite  from  a  Cape  Verde  feldspar  basalt.  It 
may  represent  the  eutectic.  Fig.  13. 

Molecular  proportions. 

No.  3  with  8.3  per  cent  magnetite  added. 

Ideal  melaphyre  used  in  showing  change  to  chlorite  and 
copper  repeated  for  comparison  from  p.  86. 


Table  XV. 

Analyses  from  different  analysts  of  lime  melaphyre  (ophites), 
different  beds,  but  all  of  the  commonest  type  of  Keweenawan  flow. 
The  percentages  of  silica  agree  closely;  the  alumina  agrees  (al- 
lowing for  the  fact  that  the  titanium  oxide  was  not  separated  in 
two  cases).  The  relative  proportions  of  ferrous  and  ferric  iron 
vary  greath'.  The  MgO  checks  closely  in  the  two  most  recent 
analyses.  The  lime  is  characteristic  and  always  about  10  i>er  cent 
and  never  12  per  cent.  The  soda  and  potash  agree  very  closely  in 
the  two  better  analyses  1  and  5,  and  the  titanium  oxide  is  high. 


1 

la 

2 

3               3a 

4                 5 

5a 

5b 

Si  O2.... 
AI2  Os-. 
Fe2  O3... 

Fe  0 

Mg  0 

Ca  0 

Naa  0... 
K2O.... 
H  2  0—. . 
HgO-t-.. 
Ti  O2.. . 

46.13 
19.79 
7.24 
3.79 
7.27 
11.43 
2.55 
0.52 

1     1.83 

.769 
.194 
.045 
.053 
.182 
.203 
.041 
.005 

.101 

46.25 
18.39 
7.70 
3.52 
4.65 
12.19 
3.76 
1.04 

3.41 

46.32 
15.95 
2.86 
8.92 
4.08 
10.28 
3.56 
1.23 

3.25 

2.78 

.771 
.156 
.018 
.124 
.102 
.184 
.057 
.013 

.180 

.034 

46.48 
17.71 

'I2I.17 

tr. 
9.89 
\  by  diff. 
/     1.97 

2.78 

45.21 

15.85 

/     9.55 

1     4.37 

7.25 

10.36 

J    2.47 

1        .31 

f        .47 

I        -41 

2.14 

.165 

.48 

.07 

.753 
.155 
.059 
.061 
.181 
.185 
.039 
.003 
.026 
.023 
.025 
.001 
.011 
.002 

49.3 

10.1 

3.9 

4.0 

11.8 

12.2 

2.6 

.2 

1   6 

P2  O3.  .  . 

CO  2 

0.29 

.006 

1.00 

S.    .    ... 

so  •, 

Mn  0. . .  . 

Trace 

0.89 

.013 

.89 
.04 
.47 

.013 
.001 
.026 

.9 

CI 

Moisture . 

Alkali  m 

100.84 

1.599 

.  0599 

101.91 

100.12 

1.652 
.091 

100.00 

1.564 
.056 

Silica  m . 

15 
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1.  Ophitic  streak  9  feet  from    base    of  same   ( 77-foot j    bed  as 

15515  and  15519,  Eagle  River  39-43,  Sp.  15523;  Sp.  Gr. 
2,877.     See  average  composition  of  bed  on  Table  III. 
la.  Molecular  proportions. 

2.  Same  bed  as  No.  1  but  41  feet  from  base,  i.  e.,  near  center, 

the  extra  lime  evidently  due  to  extra  calcite.     Sp.  15519. 

3.  Bed  87  just  above  Greenstone,  base  of  hed  more  calcareous. 

Woodward  for  Pumpelly. 
3a.  Molecular  proportions. 

4.  Canada  report,  186(3,  p.  157  and  seq.,  very    incomplete  but 

suggestively  like  the   others;   really,   however,    from    the 
"Ashbed"  group,  a  "green  earth"  from  the  Pewabic  lode. 

5.  St.   Mary's   Mineral  Land   Co.,  Challenge  exploration.  Hole 

No.  5  drill  core  described  below. 

5a.  Molecular  proportions. 

5b.  Molecules  reduced  to  per  cent  after  Osann. 

The  table  might  be  extended  by  analyses  of  Table  XI,  15533  of 
Table  XIII  and  the  Sauk  Rapids  melaphyre  of  Streng  (Neues 
Jahrbuch,  1877).  Of.  also  Table  I,  Nos.  3  to  8  and  Grout's  analyses 
in  Science  (loc.  cit.)  and  Journal  of  Geol.  1910,  p.  633  and  the 
analyses  in  Monograph  52,  p.  583,  especially  1. 


Table  XVI. 

Analyses  of  chloritic  materials.     See  also  analysis  1,  of  previous 
table. 


1 

la 

2 

3 

4        1          5 

.  6 

6a 

Si  0  2 

31.78 
15.47 

33.14 
13.22 
24.20 
12.19 
3.49 
1.50 

30.59 
26.07 

57.95 
19.00 

36.99 
25.49 

6.48 

19  22 

AI2  O3 

Feo  O3 

30.95 

.303 

1     13.90 

Fe  0 

32.47 

15.98 

9.36 

11. 2G 

.453 
.399 
.167 
.181 

28.87 
4.37 
9.64 

22.01 

12.36 

1.92 

13.06 

1.32 

.05 

Mg  0 

"19.96' 

3.70 

.40 

7.22 

1 

Ca  0 

Na  0  0 

!■    6.54 

K2O 

J 

H2  0— 

9.87 

12.34 

7.23 

7.81 

6.40 

Ho  0  / 

Ti  Oo 



P,  0, 

1 

COo." 

s..: 

so  3 

100.04 

1.503 

100.00 

99.19 

100.18 

1.  Soluble  part  (21.17%)  of  Greenstone  after  long  digestion  in 
HOI  of  Sp.  Gr.  1.13,  not  pure  chlorite.  From  Foster  and 
Whitney. 

la.  Molecular  proportions. 
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Chloritif  iiiineial  coniimted  from  partial  analysis,  Qiiiucy 
wall  rock.  Sohiblf  part  43.;{G9t  of  liansing  of  Quincy 
vein  "mineral  chlorite."  "Smooth  pellet"  of  green  sub- 
stance which  d<x^s  not  cliuo-  to  walls.  See  Macfarlane's 
''Geologie  dn  Canada,  ISGC,  p.  155. 

Chlorite  from  amygdaloid  of  Pewabic  lode,  Quincy  mine  foot. 
Macfarlane,  p.  158.  Density  of  amygdaloid  2.78,  corap- 
position  estimated  02^;    labradorite,  387c  chlorite. 

"Strigovite"  from  amygdnle  in  Minnesota.  Geol.  Sur.  28rd 
report,  p.  194. 

Analysis  of  cliloritic  material  with  native  silver,  probably 
mixed  with  quartz  from  Jackson. 

Chlorastrolite.  A  number  of  other  analyses  will  be  found 
in  Dana's  Mineralogy  agreeing  essentially  with  this.  This 
may  (Fig.  11)  be  considered  as  a  mixture  of  pi-ehnite 
43.00  SiO„  24.78  A1,0,,.  27.16  CaO,  4.37  H„0  with  about 
50%  of  a  chlorite  like  analyses  3  or  4;  the  amounts  of 
silica,  alumina,  lime  and  water  checking  closely. 
6a.  Oxygen  ratio. 


0. 


Table  XVII. 

Analyses  grouped  to  illustrate  derivation  of  sedimentary  from 
igneous  rocks. 


1    '      2 

3 

4              5 

6 

7 

8 

9 

10 

Si  Go... 
M2  O3. 
FeaOs- 
FeO... 
MgO... 
CaO... 

75.67 
12.43 
2.27 
0.15 
0.00 
tr. 
2.01 
6.73 
0.41 

59.92 
15.58 
7.24 
IM 
2.11 
1  81 
6.82 
3.4S 
2.23 

55.03 
15.412 

.              9.04 

2.49 
7.02 

\  by  diff.  4  .01 

5.03 
loss 

1 

31.42 

16.82 

/  15.58 

112.08 

3.36 

2.84 

/    1.98 

\    1.04 

14.52 

36.75 
27.34 

23.24' 

\    1.0? 
1  11 .07 

46.01 
19.43 

1  14.973 

6.20 
6.71 

3.93 

{ 

50.20 
15.48 

13.79 

8.62 
5.47 

M.75 

1.74 

41.31 

22.46 

12.90 

4.07 
11.08 

by  diff.  0. 04?  1 

7.89 
loss 

81.10 
2.61 

3.91 

MgCO.,  .25 
Ca  CO  3  46.00 

5.00 
.43 

.92 

.07 

.32 

Nao  0.. 
KoO... 
H2O— . 
Ha  0+ 

NA2SO4K.22 
2.79 
Organic 

8.93 

.06 

.73 

2.92 

Ti  n„ 

; .' 

2.92 

1 

CO  2 

1 

CI     .18 

.04 

1.70 

.11 

tr. 

.14 

SO3.... 

I 

Copper.. 

100. 00 

100  00  '  '""  ""  '    "''  '■'-^  linnnn 

100.00 

2  78 

1                         1 

■I^oss  oil  iKiiitioii. 
=Witli  Ti  Oo. 
aPlu.-i  Fe  O. 
<  Va  >  O  +  K  .,  O. 
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1.  Fresh  felsite  from  Table  VII. 

2.  Diabase  porphyrite  from  Table  VIII    (original  rock  of  No. 

4). 

3.  Calumet  conglomerate  slime  from  J.  B.  Cooper,  Supt.  C.  and 

H.  Smelter. 

4.  Calumet  conglomerate  altered  boulder,  Wilson.    See  §  10. 

5.  Calumet  conglomerate  altered  boulder,  Heath.     See  §  10. 

6.  Mt.  Bohemia  gabbro  from  Table  X. 

7.  The  "Greenstone"  or  largest  ophite  (Table  XIV)  I  cite  old 

imperfect  analysis  because  better  comparable.  , 

8.  Osceola  amygdaloid  slime,  from  J.  B.  Cooper,  Supt.  C.  and 

H.  Smelter. 

9.  Keweenaw  soil,  from  Jackson's  report,  loc.  cit. 

10.     Lake  Superior  (Upper  Cambrian)  sandstone  soil.     The  drop 
in  silica  and  alkalies  and  rise  in  alumina  are  clear. 


Wo     1 W        '  ^     ^ 

I  r  X. 


\M 


Ami 


\ 


Fig.   15.     Diagram   illustrates  abstraction  of  material   attendant  upon  the  alteration 
of  diabase  to  kaolin.  . 
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117 


1                   la 

2 

2a                     3 

4 

5 

Si  0; 

Al  2  0  3  .  .  . 

FeoOs.  .. 

Fe  O 

Mg  O 

47.99 

16.57 

6.01 

5.13 
6.01 

9.. 36 
2.00 
1.39 

.83 
.800 

.58 
.162 
2.35 
.0.38 
23.49 
.071 
.150 

.55 
.167 
.032 

015 

58.22 

28.66 

2.56 

0.22 

.970 
.281 
.016 
.003 

47.90 

15.60 

3.69 

8.41 
8.11 

9.99 

2.05 

0.23 

.15 

2.34 

0.82 

.13 

.38 

Cro  Ostr 

^  Ni  0. 10 

/  Ba  O.05 

.17 

46.85 

22.62 

5.12 

1.58 
2.01 

1.25 

.80 
2.66 
3.12 

8.25 

1.12 

.16 

1.89 

41.60 

37.20 

3.21 

.30 
02 

Ca  0 

\a  o  O 

0.17 

.003 

:23 
07 

K  o  ( )  . 

H  >  0 — 

29 

H,  0+... 
Ti  Oo.. 

2.64 
2.71 

.25 

-    .148 
.034 

10.50 

.583 

13.54 
3  79 

P  o  O":;     ... 

14 

CO. 

38 

S 

- 

so, 

.08 

.10 

2.54 

Mil  0..    . . 

tr. 

08 



1 

100.12 

100.15 

■ 

1 

1.  Mich.  Geol.  Sur.,  1892,  p.  141.    Analysis  by  F.  F.  Sharpless. 

See  also  p.  185  and  Vol.  VI,  p.  247-2.50    and    265.     Lake 
shaft,  Cleveland  mine.     Kelatively  fresh.    13456. 
la.  Molecular  proportions.    The  figures  above  each  molecular  pro- 
portion indicate  the  ratio  of  the  ingredient  in  the  fresh 
and  unaltered  rock  respectively. 

2.  Same  changed  to  kaolinite. 
2a.  Molecular  proportions. 

3.  Diabases,  Gogebic  Range,  dike.    S.  E.  Cor.  Ces.  13,  T.  47  N., 

R.  46  W.     See  also  Van  Hise,  Mon.  XIX,  p.  357,  LII,  p. 
246,  Bull.  168,  p.  73;  Bull.  419,  p.  50. 

4.  Same  altered,  the   pyroxene  to  hornblende,  and  hornblende 

and  feldspar  to  biotite.     P.  R.  C.  1000.     Feldspar  is  also 
analyzed  with  .41  KoO,  3.48  Na,0,  11.70  CaO. 

5.  Dike  from  Aurora  mine    altered    to  kaolinite.     U.  S.  G.  S. 

Bull.  108,  p.  73.     See  also  Van  Hise,  Mon.  XIX,  Part  I, 
.    p.  265;  U.  S.  G.  S.,  Bull.  419,  p.  50,  entirely  comparable 
to  No.  2.     Cf.   analyses  of  water  from  that  mine,  taken 
just  over  this  dike  given  in  Ch.  VII  §  4. 
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Table  XIX. 
Keweenawau  sedinieutaiies  and  the  Lake  Superior  sandstone. 


1 

2 

3 

4 

5 

6 

7 

Si  Oo 

A\2  O.v. 
Fe  2  O  3 .  .  . 

Fe  O 

Mg  O 

Ca  0 

Nag  O 

5&.09 
15.41 

9.04 

2.49 

7.02 

4.01  diff 

63 .  09 

18.58 

r          2.17 

\          2 .  73 

2.67 

1.11 

4.54 

.54 

1          2 .  69 

.99 
12 

69.78 
15.43 

}          7.93 

1.17 

.49 

2.42 

2.64 

2.61 

75.19 

10.78 

f         4.01 

1          1.05 

0.95 

2.36 

1  .93 

0.93 

87.02 
7.17 
3.91 

82.60 
8.32 
0.28 

77.18 
9.69 
3.20 

.06 

.11 

.22 

1.43 

tr. 

0.18 
0.55 

1.48 
0.26 
0.18 

K2  o 

6.49 
0.99 

4.67 

fj,  0 — 

5 .  03  loss 
inc.  CO  3 

H2O  +  !.. 
Ti  0.> 

Po  0% 

CI.       .18 

0.05 

0.21 

062        ■■■ 

g 

.04 
1.70 

tr. 
.008 
tr.  + 
.22 

Cu 

SOsO.31 

0.23 

Pd 

Mn  O2 

6.i.3 

100.36 
2.43!? 

99.92 
2.18 

Sp   Gr 

Calumet  conglomerate  slime  undoubtedly  is  low*  in  felsitic 
material  and  one  should  add  to  it  a  ijroportion  of  material 
like  the  analyses  of  Table  VII.  The  analysis  is  neariy 
that  of  a  mixture  of  felsite  and  amygdaloid  slime. 

Nonesuch  formation.  White  Pine  drill  hole  34  at  500  feet, 
black  cliloritic  slate.  Analyzed  by  C.  R.  Guysander, 
Cochrane  Chemical  Co.  Appears  to  be  a  black  sand  con- 
centration largely  of  debris  as  compared  with  3  and  4,  as 
shown  by  the  increase  in  amount  of  soda  and  magnesia, 
and  ferrous  iron,  and  alumina. 

In  3  and  4  iron  is  probably  oxide  and  hydrate,  and  lime 
carbonate.  The  characteristic  difference  as  against  Lake 
Superior  sandstone  is  the  lower  potash,  but  there  is  a 
gradual  transition. 

Coarse  red  sandstone.  Leighy's  on  Bad  River,  Ashland  Co. 
Analysis  by  E.  J.  Sweet,  Wise.  Geol.  Sur.,  Ill,  p.  350. 
The  Sp.  Gr.  given  evidently  includes  the  pores. 

Point  Houghton,  Isle  Royale  red  sandstone.  Isle  Royale 
Minn.  Geol.  Sur.,  Bull.  8,  p.  XXXIII,  G.  S.  No.  555.  See 
also  10th  annual  report,  1882,  pp.  49-54.  This  was  marketed 
as  Isle  Royale  brownstone  by  Burchan  &  Co.,  117  Gris- 
wold  St.,  Detroit. 
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G.     Lake  Sui>erioi-  sandstone 


Marquette  broAvnstone,  Sharp- 
less  in  Wadsworth's  report, 
Mich.  Geol.  Sur.,  1893,  p.  157. 

Portage  Entry  redstone.  Sharp- 
less  in  Wadsworth's  report, 
Mich.  Geol.  Sur.,  1893,  p.  157. 

Basswood  Island,  Apostle  Is- 
land. Sweet  Wise.  Geol.  Sur., 
III.  p.  350. 
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CHAPTER  III. 
-     MICROSCOPIC  PETROGRAPHY. 

§  1.     HISTORICAL  INTRODUCTION. 

The  mineralogical  microscopic  petrography  of  the  fresh  un- 
altered Keweenawan  rocks  is  not  very  comi)licated.  Here  again 
as  in  the  chemical  work  the  most  thorough  and  excellent  recent 
work  has  been  done  by  Alexander  X.  Winchell.^  But  notes  will 
be  found  in  the  annual  reports  by  F.  E.  Wright,  Gordon  and 
myself.  The  older  work  of  Wadsworth.  Irving-  and  Pumpelly' 
was  excellent  for  its  time  and  a  number  of  other  papers  are  cited 
by  those  authors,  and  need  not  be  repeated  here.*  Suffice  it  to  say 
that  almost  all  the  work  on  this  subject  is  found  either  in  the 
United  States,  Wisconsin,  Minnesota  or  Canadian  Survey  reports 
and  that  all  these  Surveys  have  done  work  upon  Michigan  rocks  as 
well  as  upon  the  rocks  of  their  own  region  since  the  development  of 
the  copper  industry  has  been  much  greater  in  Michigan,  thus  afford- 
ing better  chance  to  study  the  rocks.  My  ,own  work  on  the  petro- 
graphy is  largely  incorporated  in  Vol.  VI  of  these  reports  and  since 
then  I  have  done  comparativel}-  little  microscopic  work  that 
brought  out  new  mineralogical  facts.  Perhaps  the  most  interest- 
ing is  the  recognition  of  a  peculiar  aegrite  or  acmite  in  a  Kewee- 
nawan dike  rock  cutting  the  Virginia  slates.^  I  would  call  atten- 
tion to  the  early  use  in  Volume  VI  of  Becke  and  Exner's  method 
of  determining  differences  of  refraction -(p.  154).  One  may  grasp 
a  popular  idea  of  this  method  and  its  later  improvements  if  one 
will  hold  a  bottleful  of  water  close  to  a  window  at  one  side.  Then 
one  will  see  that  the  light  coming  in  from  the  window  suffers  total 
reflection  on  the  further  side  of  the  bottle  from  the  window.  Thus 
any  object  obliquely    illuminated    lying  in    a    medium  of  less  re- 

^Etude  mineralogique  et  petrographique  des  roches  gabbroiques  de  I'Etat  de  Minne- 
sota, Etats  TJnis,  et  plus  specialement  des  anorthosites.  1909.  Mineralogical  and 
Petrographie  study  of  the  Gabbrofd  Rocks  of  Minnesota ;  and  more  particularly  of 
the  Plagioclasytes.     American  Geologist,   XXVI,   1900. 

^Copper   Bearing    Rocks   of   Lake    Superior,    Monograph    V.    U.    S.    G.    S. 

sLithology  of  the  Keweenawan  or  Copper  Bearing  System.  Wis.  Geological  Sur- 
vey,   Vol.    III. 

••liibliographies  seem  unnecessary  in  view  of  those  issued  by  the  U.  S.  G.  S.  as 
bulletins,  but  I  woulft  call  attention  to  Tight  and  Herrick's  work  on  Michipicoten. 
Bull.    Denison    University.      Some    additional    titles    are    given    in    an    appendix. 

Rominger's  section  descriptions  are  given  in  Vol.  V.,  Pt.  I,  F.  E.  Wright's  work  is 
in   the   report   for  1908   of  Mich.   Geol.    Survey. 

G.   IJncio's  paper,    Neues  Jahrbuch   fiir   Min.    (XVIII)    p.   155,    I   do  not  find   listed. 

''Report   for  1908,   p.   304. 
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fraction  (if  the  border  between  the  two  media  is  anything  like 
the  bottle)  will  have  a  similar  effect, — a  bright  border  on  the  side 
opposite  to  that  from  which  the  source  of  light  is.  It  must  be 
remembered  that  the  field  of  view  is  reversed  in  the  microscojje 
so  that  the  eff'ect  is  apparently  reversed.  If  the  index  of  refraction 
of  a  grain  immersed  in  a  fluid  is  clery  close  to  that  of  the  fluid, 
it  may  very  easily  be  seen  that  for  certain  wave  lengths  the  index 
of  refraction  will  be  greater  than  that  of  the  fluid,  for  others  less. 
Then  those  rays  for  which  the  index  is  greater  will  have,  just  like 
the  bottle,  a  bright  border  on  the  side  furthest  from  the  source  of 


[jev^...o  _„ 


darker 


yellow  red 

A 


S.  15432 


S. 15-570 


Fig.    16.      Illustrates   optical    properties   of    altered    olivine. 
VI,    Part   1,    Figure   23. 


Reproduced    from    Vol. 


light  which  will,  however,  be  distinctly  colored.  If,  instead  of 
being  a  bottle,  it  is  a  bubble  which  is  surrounded  by  a  fluid  of 
higher  index  the  bright  spot  will  be  on  the  side  nearest  to  the 
source  of  light,  as  may  also  be  easily  seen  by  shaking  up  the  fluid 
in  the  bottle  and  watching  the  eff'ect  on  the  bubbles,  and  if  the 
fluid  is  so  near  the  index  of  refraction  of  the  immersed  grain  for 
some  wave  lengths  above  and  others  below  we  shall  have  the  bright 
border  on  the  far  side  for  one  color  and  on  the  near  side  for  an- 
other. Practically  tlie  grains  will  be  bluish  on  one  side  and  yellow- 
ish on  the  other.  This  method  has  been  worked  up  very  elaborately 
lately  by  Schroeder  Van  der  Kolk  and  F,  E.  Wright  of  Washing- 
ton and  a  series  of  fluids  with  diff"erent  indices  put  up  so  that  by 
a  little  studv  one  can  tell  whether  a  gi\ain  is  above  or  below  in 
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index  that  of  the  various  fluids  and  thus  detennine  ils  chai-acter. 
Not  only  that,  but  if,  as  is  generally  true,  Ihe  polarizer  of  the 
petrographic  microscope  allows  the  light  to  go  through  only  in 
one  direction, — by  revolving  the  grain  we  get  the  index  for  dif- 
ferent directions  much  more  closely  than  heretofore. 

It  has  seemed,  on  the  whole,  best  to  place  the  detailed  micro- 
scopic descriptions  in  connection  with  the  various  cross-sections, 
from  which  the  specimens  have  come.  We  may  also  refer  to  the 
paper  by  F.  E.  Wright  in  the  report  for  1908,  papers  by  N.  H.  and 
A.  N.  Winchell  above  cited,  etc.  The  fullest  set  of  (1000)  thin 
isections  were  made  from  the  Isle  Koyale  drill  holes.  These  sec- 
tions cover  the  range  of  textures  so  perfectly  that  it  has  seemed 
needful  to  cut  only  occasional  microscopic  sections  since,  a  list  of 
which  will  be  found  elsewhere.  Beside  those  cut  for  the  Survey 
I  have  had  cut  jiersonally  from  forty  to  one  hundred  of  the  Cape 
Mamainse  and  other  Keweenawan,  but  not  Michigan,  rocks.. 

§  2.      MINERALS. 

Olivine  is  the  oldest  of  the  es«<ential  minerals.  When  it  occurs 
it  is  most  conspicuous  near  the  margin  of  dikes  and  tops  of  flows. 
It  tends  to  be  corroded  in  which  case  augite  seems  to  grow  at  the 
expense  of  it.  When  there  is  less  lime  there  is  more  olivine  de- 
veloped. Its  alteration  (Isle  Royale  Report,  Figs.  23-29)  may  be 
to  serpentine.  Occasionally  it  is  to  talc  or  brucite.  Another  line 
of  alteration  is  that  of  oxidation  in  which  it  turns  red  (Fig.  16) 
and  i)asses  into  a  series  of  ambiguous  minerals  variously  known. 
The  iddingsite  of  Lawson  is  similar.  Rubellan  was  a  name  much 
used  by  Rominger  and  Pumpelly.*'  The  mineral  described  as  bow- 
lingite  by  Winchell  seems  to  be  the  same  substance  or  at  least 
very  similar.  Biotite,  i)erhaps,  and  hematite  unquestionably  also 
occur. 

Augite.  As  I  have  said  in  Volume  YI,  when  the  augite  is  scarce 
it  is  idiomorphic,  lighter  in  color  and  appeal's  to  be  diopside 
(sahlite).  When  more  abundant  it  is  poikilitic  or  ophitic  as  ex- 
plained and  illustrated  below.  AVinchell  ha.S- described  the  augite 
of  Pigeon  Point  very  thoroughly  and  has  given  an  analysis.  (Cf. 
Chapter  II,  Tables  5  and  14). 

It  will  be  noticed  that  this  analysis  is  not  unlike  the  analysis 
of  most  of  the  diabases  and  ophites,  differing  mainly  in  having 
more  ferrous  iron  magnesia  and  titanium.  AVinchell  calls  it 
pigeonite  and  writes  me  that  it  probably  also  occurs  elsewhere  in 
the  Keweenawan  rocks. 

"In   Mss.    corrections    Pumpelly   changed   "rubellan"   to   chloropliaeite." 
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There  is  very  often  a  tendency  toward  idiomorphism  even  in 
the  ophitic  texture.  This  is  sometimes  entirely  imperceptible  in 
thin  sections  but  on  studyin*>-  the  flashes  from  a  specimen  show- 
ing the  luster  mottling  it  will  often  appear  that  they  are  elongate 
parallel  to  the  vertical  axis,  or  bounded  by  straight  lines  which 
have  a  definite  crystallographic  meaning.  A  slight  tinge  of  violet 
such  as  is  given  by  titanium  is  esiJecially  common  in  ophitic  augite. 
The  more  markedly  titan  if  erous  kinds  are  rare.  Decomposition 
of  augite  to  chlorite  is  very  abundant  but  I  do  not  think  that  all 
the  chlorite  replaces  augite.  Some  of  it  seems  to  occupy  original 
interstices  left  vacant  or  filled  only  with  hot  water  in  the  crystalli- 
zation and  shrinking  of  the  augite.  Epidote  also  replaces  the 
augite.  Hornblende  seems  to  replace  augite  only  in  a  veiy  few 
cases  and  then  mostly  when  an  augitic  rock  has  been  metamor- 
phosed by  injection  with  some  later  intrusive.  There  is  a  zone 
of  hornblende  developed  from  the  augite  around  the  Mt.  Bohemia 
gabbro  as  described  by  ^V right  on  page  375  of  the  annual  report 
for  1908.     (See  also  Vol.  VI,  p.  73.) 

Feldspars.  I  have  determined  feldspars  mostly  by  the  method 
illustrated  on  Plate  V,  Volume  VI."  Almost  always  one  can  find 
sections  cut  nearly  parallel  to  the  clinopinacoid  (recognizable  by 
the  sharp  lines  between  the  albite  lamellae)  in  which  there  are 
at  least  three  difl'erent  directions  of  extinction  and  in  such  cases 
either  from  the  curves  given  in  Plate  V  or  from  those  given  in 
Rosenbusch's  "Microscopic  Physiography,"*  or  WinchelTs  "Optical 
Mineralogy"'  one  can  tell  pretty  nearly  what  the  feldspar  must  be. 
I  owe  to  F.  E.  Wright  a  set  of  fluids  ranging  in  refraction  from  that 
of  augite  1.523  to  that  of  anorthite  1.58  by  which  also  the  feldspars 
can  be  readily  determined  in  a  powder. 

Quartz  and  other  farms  of  silica.  Very  recently  quartz  has  as- 
sumed a  much  greater  interest  owing  to  the  fact  that  it  has  been 
found  that  silica  crystallizes  in  three  diffei"ent  fomis  according 
to  the  temperature  and  these  limits  are  prettj^  cai-efully  de- 
termined. I  regret  that  most  of  the  work  Avas  done  before 
the  methods  determined  by  Mtigge  and  Wright  and  Larsen  were 
developed  so  that  I  am  not  able  to  speak  as  definitely  as  I 
should  like  about  this  matter.  Tridymite  has  never  been  found, 
but  in  such  old  rocks  it  probably  would  in  any  case  have  been 
changed  to  forms  more  stable  at  low  temperatures  by  this  time. 

'By  a  careless  error  this  plate  reads  %  of  Ab  instead  of  An,  and  the  lines  con- 
necting ends  of  extinction  curves  with  percentage  scale  are  not  accui-ately  drawn. 
I  think  that  these  errors  in  the  published  plate  do  not  affect  my  printed  determina- 
tions   (certainly   not    in   most    cases)    as  thev   are   copyist's  errors. 

*p.    359,    Fourth   edition    (190.5). 
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There  is,  however,  little  qnestioii  from  the  fonn  of  the  quartz  in  the 
quartz  por}>hyries  that  niuoh  of  that  crystal li/.ed  between  550  de- 
grees and  800  degrees  C.  The  vein  quartz  like  that  described  by 
I.incio"  was  formed  at  lower  temperatures. 

OixiquG  Minerals.  Magnetite  is  generally  in  octahedral  grains 
though  very  often  they  are  more  skeletal-like  in  their  form.  It  not 
infrequently  occurs  when  it  seems  to  be  the  product  of  oxydation 
accompanying  hydration.  In  the  typical  melaphyres  or  cross^grain 
it  is  often  clear  that  it  formed  after  the  feldspar  as  it  is  indented 
hj  the  feldspar  laths.  If  I  were  going  to  do  my  work  over  again 
and  make  a  large  number  of  thin  sections  I  think  I  should  pay 
especial  attention  to  the  abundance  and  fomi  of  the  iron  oxides.  It 
seems  also  to  form  as  a  by-product  of  the  alteration  of  olivine  to 
augite  and  thus  occurs  in  the  rock  forms  crowded  into  the  inter- 
stices between  the  patches  of  augite.  In  the  Isle  Eoyale  report 
(p.  1G2)   by  a  slip  of  the  pen  I  wrote  ''olivine"  patches. 

Something  that  may  be  taken  for  magnetite  is  widely 
distributed  as  a  fine  dust,  but  it  is  by  no  means  certain 
whether  it  is  or  not.  In  one  dike  north  of  Bessemer  there  seems  to 
be  both  graphite  and  magnetite  present  under  conditions  which 
make  it  extremely  hard  to  tell  just  how  much  is  magnetite  and 
how  much  graphite  in  thin  sections.  I  think  the  graphite  is  more 
feathery.  In  alteration  spots  and  around  amygdule  cavities  it 
gathers  into  club-shaped  and  branching  aggregates  and  sometimes 
iron  oxide  outlines  brecciated  and  fragmental  and  perlitic  tex- 
tures. Distinct  crystalline  and  red  hematite  is  more  rare.  Ilmen- 
its  lOr  titaniferous  iron  ore  occurs  and  occasionally  its  white  al- 
teration product  knowm  as  leucoxene.  This  seems  to  occur  also  in 
some  of  the  epidotic  replacements.  Ferritic  discoloration  gives  to 
the  sedimentaiy  beds  and  to  the  red  amygdaloids  their  character- 
istic color. 

Crreen  decomposition  products  or  vinditc.  There  is  an  old  name, 
— viridite, —  which  is  a  convenient  one  for  the  secondary  hydrous 
magnesian  silicates  of  green  color,  which  probably  form  an  isomor- 
phic series.  Their  optical  properties  have  been  fairly  fully  dis- 
cussed in  Volume  Yl,  Part  I,  and  also  by  Winchell  in  his  recent 
text-book  on  optical  mineralogy.  It  is  probable  that  ferrous  iron 
is  a  very  important  constituent  of  the  group.  I  can  readily  dis- 
tinguish the  three  following  varieties: — (1)  Serpentine  with  its 
usual  properties  after  olivine,  (2)  delessite  or  iron  chlorite,  prob- 
ably including  such  varieties  as  strigovite,  etc.     This  is  more  bi- 

"Neues  Jahrburch    (1904)    Beilage  Band   XVIII,   p.   155. 
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refringent  and  more  rtbroiis  than  (3)  the  ordinary  chlorite.  Chlo- 
rastrolite,  as  Hawes  s^ays,  seems  to  be  a  componnd  product  of  some 
alteration  which  is  changing  to  chlorite  the  hard  aniygdules  of 
some  other  substance,  often  prehnite.  Chlorastrolite  has  been  found 
i-ecently  not  only  in  Isle  Royale  on  the  patch  indicated  in  my  map 
of  Isle  Royale,  PI.  I,  where  it  >yas  originally  found  but  in  a  num- 
ber of  beds  on  Keweenaw  Point.  For  instauce,  a  good  deal  was 
developed  in  the  Avorkings  of  the  Keweenawan  Copper  Company 
at  the  Medora  shaft,  and  it  has  been  recognized  by  Dr.  Hubbard  at 
a  number  of  places  ou  Keweenaw  Point.  It  there  occurs  in  an 
amygdaloid  which  is  reddened  and  decomposed,  in  which  the  decom- 
position has  gone  on  faster  in  the  body  of  the  rather  coarse  amyg- 
daloid than  in  The  amygdules.  Under  such  conditions  a  change 
takes  place  around  the  borders  of  the  prehnitic  aniygdules.  In  view 
of  what  we  know  of  the  concentric  character  of  amygdule  filling, 
however,  it  is  not  always  easy  to  prove  that  the  green  chatoyant 
effect  of  chlorastrolite  is  not  due  to  an  original  rind  of  chlorite. 
Again,  the  centers  of  the  aniygdules  are  sometimes  occupied  by 
quartz  and  I  should  not  wish  to  say  that  thomsonite  or  some  other 
zeolites  may  not  sometimes  be  the  original  mineral  rather  than 
prehnite.  A.  N.  Winchell*  (p.  410)  seems  to  be  inclined  to  think 
that  some  "chlorastrolite"  of  northern  Minnesota  should  be 
grouped  under  thomsonite.  In  any  case  the  chemical  reaction  seems 
very  much  that  which  we  have  found  to  be  characteristic  of  de- 
composition, for  instance,  of  the  Calumet  and  Hecla  boulders  where 
magnesia   and   iron   replaces   lime  and   perhaps  soda. 

Laumontite  is  well  characterized  and  its  optical  properties  are 
fully  given  by  Winchell.  It  customarily  has  a  reddish  tinge  and 
tends  to  disintegrate  to  a  sawdust-like  powder.  This  ready  loss 
of" water  probably  accounts  for  considerable  variation  in  its  opti- 
cal characteristic>s.  Its  index  of  refraction,  however,  is  always  low 
and  it  seems  to  be,  on  the  whole,  more  of  a  mineral  to  occur  in 
cracks  in  joint-planes  and  the  decomposition  of  the  rock  directly 
from  them. 

Thomsonite.  In  casual  examination  of  drill  cores  I  may  have 
often  confused  this  with  a  pink  fibrous  radiating  prelinite  which 
also  occurs.    Mesolite  and  other  zeolites  may  have  been  overlooked. 

Wollasfouitc?  In  the  Amherst  mineral  collection  there  is  a 
piece  of  considerable  size  labelled  "table  spar.  Isle  Koyale"  in 
Jackson's  own  handwriting  as  Professor  Emerson  informs  me,  and 
of  this  he  was  kind  enough  to  give  me  a  small  piece.    I  think  there 

♦Optical  Mineralogy,  p.  110. 
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can  be  no  doiiltt  that  this  is  the  same  niiiieral  as  that  lefen-ed  to 
in  his  rejMJit  on  page  401  or  at  least  the  Isle  Koyale  variety  of  it. 

The  Amherst  specimen  is  perfectly  Avhite,  hardness  (>  and  more, 
color  snow  white,  as  though  it  had  already  l)een  heated.  The  Sp. 
Gv.  I  found  to  be  less  than  2.7,  the  index  of  refi'action  ( by  immer- 
sion in  a  series  of  fluids)  is  about  1,50,  the  bi-refraction  is  .022 
and  more,  judging  by  the  }>olarization  colors  (assuming  thickness 
not  greater  than  breadth.)  It  seems,  as  seen  through  the  micro- 
scope under  crossed  nicols,  that  the  granular  aggregate  is  not  en- 
tirely homogeneous  but  largely  in  iiTcgular  patches  and  as  Winch- 
ell  says  for  Jacksonite,  the  elongation  seems  to  be  i>ositive,  the  ex- 
tinction angle  practically  zero.  It  does  not,  therefore,  precisely 
agree  with  any  other  mineral  but  on  the  other  hand  there  seems 
to  be  some  confusion  between  this  "table  spar"  or  '•Wollast(mite" 
and  Jacksonite. 

This  Isle  Eoyale  table  spar  agrees  with  the  WoUastonite  o^f  the 
Cliff  mine  except  in  shade  of  color,  that  being  light  flesh  red. 
With  a  hardness  so  much  ahorc  that  of  Wollastonite  and  its  refrac- 
tion less  it  can  not  be  that  mineral.  Since  the  microscope  shows 
that  it  is  an  aggregate  I  do  not  care  to  give  it  a  new  name.  Dana 
says  that  the  anhydrous  prehnite  or  -lacksonite  is  only  calcined 
prehnite  (conceivably  by  some  severe  forest  fire?).  Perhaps  the 
table  spar  is  produced  in  the  same  way.  If  the  analysis  is  right 
(Table  VI)  I  know  of  no  known  mineral  that  it  is  likely  to  be.  The 
following  is  a  letter  from  Prof.  Ford. 

New  Haven,  Conn.,  Oct.  28th,  1910. 
My  Dear  Prof.  Lane: 

AVe  have  four  specimens  in  the  Brush  Collection  of  so-called 
table  spar  from  Isle  Koyale.  One  specimen  has  a  Smithsonian 
label  with  it  which  reads  "Jacksonite"  and  has  also  a  label  at- 
tached to  the  specimen  which  says,  "Jacksonite  and  Compact  Table 
Spar."  Then  there  are  three  other  specimens  identical  in  character 
which  Prof.  Brush  has  labeled  pectolite.  What  the  material  really 
is  I  won't  venture  to  say  but  it  is  unquestionably  not  wollastonite. 
I  have  asked  Prof.  Brush  about  the  specimens  and  some  of  them 
at  least  came  from  Whitney  and  are  the  oi-iginal  material. 

Most  sincerely  yours, 

WM.  E.  FORD. 

Calritc  is  abundant  in  large  crystals  and  amygdules,  in  replace- 
ment and  in  veins.    Bands  of  ])ressure  twinning  are  not  uncommon 
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but  may,  of  course,  be  due  to  the  pressuie  in  the  process  of  prepar- 
ino-  tliin  sections.  It  is  verv  abundant  as  a  cement  in  the  eonglom- 
orates  but  it  lias  been  suggested  tliat  it  is  more  common  near  the 
surface  than  in  great  dejtths.  Kocks  charged  ^-ith  caU-ite  are  fre- 
quently poikllitic.  hirge  ]iatches  disseminated  from  the  rock  ex- 
tinguishing together  and  liaving  common  cleavage.  This  jiroduces 
a  luster  mottling  which  must  not  be  confused  with  that  due  to 
augite. 

Ei>Uh)fc.  This  mineral  is  one  of  the  most  comuioii  secondary  min- 
erals. The  ferriferous  canary  yellow  variety.  )i<tt  the  zoisitic  va- 
riety, is  best  developed.  It  occurs  in  veins  in  the  fragments  and 
cements  of  the  conglomerates  and  in  amygdules.  and  is  very  com- 
mon and  the  association  Avith  quartz  is  rather  characteristic.  It  is 
often  in  sharp  crystals. 

Ddtolifr  occurs  mainly  in  rocks  which  are  quite  highly  decom- 
posed. It  is  one  of  the  later  minerals  after  co])per.  nu)re  commonly 
after  quartz  and  epidote.  1  had  a  section  cut  (sp.  20850)  of  some 
datolite  from  the  Winona  mine  Mliich  is  studded  with  minute  crys- 
tals of  copi>er  aud  separated  from  the  chloritic  country  rock  to  a 
large  extent  by  a  thin  film  of  copper. 

Nodules  of  porcelain-like  datolite  from  the  Franklin  Junior  Mine 
similarly  show  the  copper  more  abundant  near  the  margin. 

('<)})/)€):  When  in  microscopic  size,  copper  seems  to  occur  in 
minute  cubes  or  octahedra  although  the  hextetrahedral  and  other 
forms  have  been  noticed  in  the  large  crystals  described  by  E.  S. 
Dana  and  frequently  found  in  mining. 

.Mica.  The  micaceous  minerals,  shading  into  chlorite  and  sericite 
or  talc  on  the  one  hand  and  micaceous  iron  oxide  on  the  other, 
which  occur  in  the  decomposition  of  olivine  and  have  been  vari- 
ously called  iddingsite,  rubellan,  and  bowlingite,  which  is  defined 
by  Winchell  as  a  ferriferous  antigorite,  are  fully  described  by  A. 
N.  Winchell.  Winchell  says  that  goethite. — the  hydrated  iron  oxide 
which  always  occurs  after  olivine, — has  a  higher  refringence.  while 
the  iddingsite  like  all  the  serpentine  group  has  a  much  lower  refring- 
ence than  the  olivine.  Unfortunately,  I  have  not  kept  track  of  this 
throughout  my  work  but  my  iminession  is  that  most  of  the  brown 
specks  which  have  been  called  rubellan  in  microscopic  work  by  Pum- 
[lelly,  ifarvine,  and  Rominger  and  which  1  have  heretctfoie  called 
iddingsite.  have  a  relatively  low  refraction  and  should  he  classed 
as  bowlingite.  It  is  quite  clear  in  comparing  Wiiichell's  descrip- 
tion   (p.  360)   Anth  my  description   (p.  155)'"  that  we  are  dealing 


'"Sf>e   Isle  Royalo  Ueport.      Fiffs.   L'H  and  29,  and   Fis.   IG  of  this   lenort.      Also  "A.   X. 
Wincliell,    ••Opiiciil    Mineralogy.-    pp.    .359-360. 


128  KEWEENAW    SERIES    OF    MICHIGAN. 

with  very  similar  substances,  except  that  in  his  figure  and  in  mine 
different  pinacoids  seem  to  have  been  present. 

Clay  and  Jmolbi.  The  clay  of  the  fluccans  has  almost  no  action 
upon  polarized  light  and  is  a  very  finely  divided  aggregate. 

Apatite  seems  to  be  a  mineral  which  ci^stallized  early  in  sharp 
needles,  or  possibly  slowly  throughout  the  process  of  crystallization 
but  has  a  strong  tendency  to  segregation.  Possibly  the  little 
needles  simply  floated  in  the  residual  magmas.  It  also  seems  to 
occur  abundantly  in  the  interstices  in  the  last  crystallizations 
from  the  mother  liquor  in  needles  shooting  across  the  cavities.  It 
suggests  the  presence  of  chlorine  in  these  waters  (See  Sp.  17530,  a 
doleritic  melaphyre,  75  paces  N.,  1050  W.  of  the  S.  E.  ^^  ot  sec- 
tion 33,  T.  57  N.,  R.  32  W.,  below  the  Keai*sarge  amygdaloid  in  the 
Allouez  gap). 

Fluorite  has  been  noticed  but  xevy  rarely  (Isle  Royale,  Ma- 
mainse)  and  then  always  in  association  with  the  ^wrph juries  or 
salic  rocks.  The  very  low  refraction  and  the  well-marked  cleavage 
are  characteristic  and  there  is  a  tendency  to  ii*regular  blue  pig- 
mentation. 

Sulphides  are,  on  the  whole,  extremely  rare.  In  fact,  I  think 
1  have  seen  disseminated  pyrite  only  when  I  suspected  or  was  sure 
of  contact  action.  Chalcopyrite  is  noticeable,  for  example,  along 
some  of  the  lines  of  contact  of  apparently  intrusive  felsite  at  Mam- 
ainse,  and  also  near  the  Mt.  Bohemia  intrusion  in  the  Calumet  and 
Hecla  Mendota  section.  I  have  not  identified  the  more  basic  sul- 
phides and  arsenides  which  offer  a  splendid  field  for  metallographic 
work. 

§  3.      TEXTURES. 

The  texture  of  a  rock  is  defined  by  Iddings  as  ''the  appearance 
which  is  derived  from  the  mineral  compounds  and  from  the  ground 
mass  of  dense  or  glassy  rocks,"  and  is  divided  by  him  into  three 
features  or  factors, —  (1)  the  degree  of  crystallization, — the  crys- 
tallinity,  (2)  the  magnitude  or  size  of  the  crystal, — the  granular- 
ity and  (3)  the  shape  and  arrangement  and  mutual  relations  of 
the  crystals  and  amorphous  parts.  This  he  calls  ''fabric."  The 
discussion  of  the  relative  coarseness  of  grain  or  granularity  has 
been  of  esi>ecial  interest  to  me  since  the  recent  introduction  of  test- 
ing by  diamond  drill  cores  has  given  unusual  opportunity  to  study 
the  change  in  texture  and  granularity  as  one  passes  from  the 
margin  to  the  center  of  the  flow  and  this  change  in  granularity  is 
of  very  great  help  practically.  It  is  not  possible  to  separate,  al- 
together, in  discussion  these  three  factors  since  we  find  that,  gen- 
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t'l-ally  speaking,  near  the  margin  the  rock  is  likely  to  be  more 
ghissy  and  less  crystalline,  finer  grained  and  with  a  different  fabric. 
For  instance,  in  many  of  the  melaphyres  the  feldspars  are  dis- 
tinctly thinner  near  the  margin.  There  are,  however,  a  few  gen- 
eral remarks  to  be  made  concerning  the  texture  or  fabric  before  dis- 
inssing  the  grannlarlty  in  detail  in  Chapter  IV. 

(1)  Cri/stalUnitif.  In  rock  so  old  as  the  Keweenawan  rocks  it 
AVould  be  hardly  expected  that  very  imich  glass  wonld  remain.  It 
is,  indeed,  rare  that  one  can  asisnme  the  presence  of  glass  now,  al- 
though there  are  many  places  in  which  it  once  existed  and  not  infre- 
quently small  areas  where  it  may  perhaps  still  linger.  It  is  not  an 
easy  question  to  say  whether  the  change  from  glass  to  crystalline 
character  is  devitrification  of  a  secondary  nature  which  occurred 
ages  after  the  formation  of  the  rock  or  whether  it  may  have  taken 
place  almost  immediately,  the  glass  having  fonned  or  having  been 
kept  at  a  tenjjjerature  where  devitrification  could  go  on  (that  is, 
in  the  temperature  of  annealing  as  the  glass  manufacturers  call 
it).  Especially,  where  a  glass  fornix  close  to  the  margin  it  may 
have  been  kept  at  a  fairly  high  temperature  for  some  time  owing  to 
the  source  of  heat  being  in  the  center  of  the  sheet.  This  is  es- 
pecially true  when  the  outside  or  contact  zone  was  allowed  to  heat 
up.  Suppose,  for  example,  an  intrasion  suddenly  entering  cold 
rock ;  it  is  quite  easy  to  imagine  in  this  case  a  rind  of  glass  forming 
as  the  intrusion  comes  in  and  it  is  also  quite  easy  to  imagine  a 
devitrifiication  later,  that  is  to  say,  as  the  contact  zone  heats  up, 
the  margin  will  be  kept  at  a  temperature  where  crystallization  can 
go  on.  At  the  same  time  the  material  will  be  so  viscous  that  the 
velocity  of  crystallization  will  be  greatly  checked  and  we  shall 
have  a  peculiarly  fine  grained  character.  This  is  tiaie,  for  instance, 
for  a  few  inches  of  the  Bad  Kiver  gabbro  sill  exposed  north  of 
Bessemer.  (See  report  for  190G,  pp.  48cS  to  491.)  Near  the  margin 
there  are  a  few  inches  very  fine  grained  and  then  it  passes  to  a 
very  coarse  grain,  perhaps  extra  coarse,  vevy  suddenly. 

This  is  to  me  a  reasonable  explanation,  not  only  of  this  fine 
grained  marginal  form  of  gabbro,  but  of  some  of  the  felsite  ground 
masses,  and  it  is  a  question  whether  a  rock  of  this  sort  should  be 
classed  as  originally  crystalline  or  a  devitrified  rock.  The  irregular 
distribution  of  minerals  or  gases  which  tend  to  promote  crystal- 
lization through  the  magma  and  their  irregular  escape  also  produce 
differences  in  crystalline  texture,  even  after  the  rock  for  many  pur- 
poses may  be  considered  as  solid, — for  instance,  capable  of  frac- 
ture.    Whether  indeed  we  may  ever  sjjeak  of  a  glass  as  absolutely 
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free  from  vi8cosit.y  is  a  question  over  which  physicists  would  dis- 
agree although  there  is  uo  doubt  that  in  many  cases  the  viscoscity 
is  practically  infinite. 

(2)  The  fahric.  In  my  Isle  Royale  report,  I  divided  the  text- 
ures into  two  groups  according  as  they  were  characteristic  of  the 
central  or  marginal  parts  of  the  flows  and  we  might  also  divide 
them  according  as  they  were  characteristic  of  the  salie  or  femic 
magmas  and  according  as  they  were  characteristic  of  the  deeper 
seated  or  effusive  forms.  In  this  classification  we  may  distinguish 
the  following  textures: 

(a)  Central,  femic,  mainly  effusive,  ophitic.  This  term  I  have 
used  to  denote  a  texture  in  which  augite  acts  as  cement  or  matrix 
and  large  patches  often  enclose  idiomorphic  feldspar  in  which  the 
lateral  pinacoid  (brachy-pinacoid)  is  best  developed  and  often  the 
direction  of  the  brachy-axis.  An  important  feature  of  this  texture 
is  the  fact  that  the  feldspar  has  its  form  sharply  developed  against 
the  augite.  A.  X.  Wiuchell  is  inclined  to  lay  the  main  stress  upon 
this  and  thus  broaden  the  use  of  the  term  ophite.  His  authority 
for  so  doing  is  derived  from  the  first  paper  of  Michel  Lt^vy/^  intro- 
ducing the  term,  in  which  he  uses  the  term  ophitic.  His  argTiments 
for  his  usage  are  given  in  the  Bulletin  of  the  Geological  Society  of 
America,  Volume  20,  pages  661  to  666.  On  the  other  hand  I  pub- 
lished quite  a  discussion  in  a  foot-note  on  page  227  of  the  Isle  Roy- 
ale  Report,  of  the  two  definitions,  and  in  the  Bulletin  of  the  Geol- 
ogical Society  of  America,  Volume  18,  page  648,  I  gave  a  short  note 
on  the  ophitic  texture  to  accompany  some  illustrations  from  lan- 
tern slides  of  the  ophitic  texture  as  I  understood  it  as  a  variety  of 
the  poikilitic,  following  the  definition  given  by  Michel  Levy  in  his 
''Structures  et  Classification  des  Roches  Eruptives,"  page  28.  The 
facts  seem  to  be  that  Michel  Levy  has  used  the  term  in  a  broader 
and  in  a  somewhat  narrower  sense  and  that  there  has  been  fairly 
continuous  use  by  two  schools, — one  using  it  in  the  narrower  sense 
which  will  be  found  quoted  on  page  227  of  the  Isle  Royale  report. 
I  translate  it.  ''When  the  last  element  consolidated  is  a  bisilicate 
(generally  pyroxene)  its  areas  without  their  own  proper  exterior 
form  are  larded  with  older  crystals.  Those  of  the  feldspar  notablj' 
are  elongated  in  the  direction  of  the  edge  between  (001)  and  (010) 
and  are  flattened  parallel  to  (010),  and  the  ensemble  takes  a  char- 
acteristic api>earance  which  I  have  described  and  figured  since 
1877  under  the  name  of  ophitic  texture."  In  the  earlier  paper 
upon  which  Wiuchell  relies  we  find  that  more  stress  is  laid  upon  the 

"Bull.    Soc.    Min.    Francaise,   Vol.    VI,   1878,    p.    157. 
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fact  that  the  pyroxene  "■inoiile"^- — acts  as  a  iiionld  or  matrix  for — 
the  feldspar  and  the  relative  size  of  the  two  is  not  mentioned  at 
just  that  point. 

A  few  pages  later,  however,  in  the  same  article^^  he  says  ''le 
mineral  le  phis  charactt^ristiqne  des  ophites  est  le  diallage  en  grands 
plages" — the  most  characteristic  mineral  of  the  ophite  is  the 
pyroxene  in  large  areas. 

Now  before  we  settle  upon  the  use  of  terms,  the  facts  so  far  as 
they  are  known  should  be  clearly  in  mind.  In  the  first  place,  if 
we  take  a  rock  like  the  Greenstone,  having  the  typical  poikilitic 
ophitic  texture  in  the  middle  of  the  fiow  where  large  areas  of  augite 
include  perhaps  lumdreds  of  little  feldspars,  we  shall  find  that  in 
following  the  texture  to  the  margin  the  augite  decreases  in  grain 
much  more  and  more  regularly  than  the  feldspar  so  that  at  a 
certain  distance  from  the  margin,  while  the  feldspar  still  remains 
sharply  defined  in  its  own  crystalline  form  and  idiomorphic 
against  the  augite,  it  will  no  longer  be  true  that  several  feldspars 
will  lie  in  one  grain  of  augite,  but  different  grains  of  augite  may 
be  crowded  in  to  fill  in  tlie  spaces  between  the  feldspars  so  that 
in  the  same  flow  there  \\ill  be  transitions  from  a  texture  which  is 
ophitic  in  the  narrowest  sense  to  one  which  is  ophitic  only  in  the 
broader  sense. 

Secondly,  it  will  be  also  found  upon  comparing  effusive  and 
intrusive  rocks  that  at  least  for  the  Keweenawan  series  there  is  a 
strong  tendency  for  the  feldspar  to  be  relatively  finer  grained  and 
the  augite  relatively  coarser  in  the  intrusive  rocks.  Thus  while  we 
occasionally  find  an  oi)hitic  texture  in  the  narrower  sense  in  in- 
trusive dikes  and  sills,  they  have  more  predominantly  the  ophitic 
texture  in  its  broader  sense. 

Moreover,  in  such  intrusives  it  at  times  happens  that  while  the 
plagioclase  remains  lath-shaped,  the  interstices  are  not  filled  wholly 
with  a  matrix  of  augite  but  with  a  eutectic  intergrowth  of  quartz 
and  feldspar. 

The  ophitic  texture  in  the  narrower  sense  is,  then,  more-  charac- 
teristic of  the  effusives.  In  both  cases  near  the  margin  we  find  a 
gradual  transition  to  a  partly  glassy  or,  as  it  has  been  called  iuter- 
sertal  texture.  But  a  matrix,  glass  or  crystalline,  of  augitic  com- 
position seems  to  me  important. 

The  probabilities  are  that  it  will  be  found  a  rather  desirable 
thing  to  emphasize  the  relative  size  of  the  feldspars  and  the  py- 
roxene and  if  ophitic  in  the  broader  sense  is  to  be  used  to  replace 


'-Fits   the   feldspar  as   dress  of   the  present   fashions  fit   the  female  form.      I  notice 
the   word   used    in    that   connection   in   French.     A.  C.    L.    1!)09. 
'^Loc.    cit.    p.    HiO. 
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the  term  diabasic  we  may  have  to  introduce  some  new  tei-nis  to 
replace  ophitic  in  the  narrower  sense.  In  Idding's  discussion  of 
poikilitic  texture"  he  recently  proposes  to  subdivide  the  poikilitic 
texture,  calling  the  matrix  cn'stals,  the  oikocryst  and  the  enclosed 
crystals  chadacrysts,  and  giving  a  series  of  terms  from  per-oikic 
to  per-chadic.  according  to  the  relative  abundance  and  the  rela- 
tive size  of  the  tAvo.  They  may  come  in  use.  It  is  possible  that 
some  such  term  as  jwikilophitic  may  prove  to  be  desirable  and  nec- 
essary, but  it  must  be  reiuembered  that  the  rocks  I  call  ophite 
and  ophitic  would  also  be  called  ophitic  by  A.  X.  Winchell,  and  in 
Rosenbusch's  last  edition  (Vol.  II,  PI.  4,  Fig.  4)  the  illustration  of 
ophitic  structure  is  an  admirable  illustration  of  ophitic  structure 
in  the  narrower  isense  in  which  I  use  it.  It  does  not  seem  wise  for  me 
to  make  a  change  from  my  previous  usage  just  now,  especially  as 
on  the  whole  it  seems  to  me  that  Michel  Levy,  though  he  has  used 
the  terai  in  both  senses  seems  really  to  have  the  narrower  sense 
mainly  in  mind  and  simply  included  rocks  to  which  the  broader 
term  more  directly  applies  when  they  occurred  in  connection  or 
as  transition  forms  from  the  narrower  sense.  One  must,  then, 
remember  that  in  this  report  the  terms  ophite  and  ophitic  also  im- 
ply luster  mottling  if  the  rock  is  fresh  and  the  grain  coarse  enough. 
1  would  have  kept  the  terai  luster  mottled  melaphyre,  were  it  not 
very  cumbersome  when  one  wishes  to  add  further  descriptive  ad- 
jectives and  rei>eat  the  expression  over  and  over  again,  as  we  must 
in  the  detailed  sections. 

A  luster  mottled  texture  is  often  visible  in  hornblendic  rocks 
when  it  probably  is  a  relic  of  the  same  texture  in  an  originally 
augitic  rock.  For  instance,  just  south  of  the  road  from  Ishpeming 
to  Negaunee  about  three-fourths  of  a  mile  east  of  Ishpeming  is  an 
amphibolite  with  10  mm.  poikilitic  patches  that  I  take  to  be  an 
inheritance  from  an  ophitic  augite  texture.  In  the  contact  zone 
of  the  Mount  Bohemia  gabbro  and  I  think  also  in  some 
coarse  luster  mottled  rock  south  of  the  Porcupine  Moun- 
tains the  derivation  in  this  way  can  be  readily  seen  for  we 
find  the  patches  of  augite  changing  to  hornblende  round  their  mar- 
gin so  that  there  is  a  rim  of  hornblende  with  an  augitic  less  lus- 
trous center. 

The  augite  seems  to  drive  the  corroded  remnants  of  olivine  before 
it  in  its  growth.  I  suppose,  too,  that  any  interstices  which  were 
left  would  be  between  the  different  crystals  of  augite  which  seem 
to  have  been  the  last  consolidation  in  a  typical  ophite.  Thus  when 
the  rock  is  altered  or  exposed  to  weather  the  centers  of  the  au- 

>■*"  Igneous    Uocks,"    p.    202. 
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gite  patches  are  the  last  to  be  afltected  and  are  left  as  knobs  on 
the  weathered  surface  as  shown  in  Plates  II  and  III  of  this  report 
(see  also  Vol.  VI)  and  as  may  be  readily  seen  almost  anywhere 
on  Keweenaw  Point  but  especially  well  on  the  Greenstone  Kange 
itself.  This  same  knobby  appearance  is  very  characteristic  at  Ma- 
mainse  in  a  heavy  bed  on  tlie  n(»rtli  side  of  Sand  Kay.  On  matte 
surfaces,  such  as  pebbles  or  joint  planes  or  diamond  drill  cores  there 
is  also  a  mottling, — the  augite  centers  being  often  somewhat  lighter 
as  seen  against  a  darker  green  chloritic  or  reddened  ground  (Pis. 
IV  and  VI)  but  the  exact  color  pattern  may  vary.  The  weathered 
portions  may  sometimes  be  browner.     One  can  thus  with  a  little 


^ig.    17.      Illustrating'    original    cavities    in    rock    of    the    copper    bearing   series    such 
maj-    have    been    originally    filled    with    gases.      In    the    figure    they    are    wedged    in 


Fi 
as    may    nave    oeen    originally    niied    witii    gases.      in    the    figure    they    are    wedged    .^ 
between    feldspar    laths   and    octagonal    augite, — characteristic    of   the' doleritic   texture 
panidiomoi-plin.      Reproduced   from    Figure    7,    Annual    report   for   1903,   p.    24.5 


training  recognize  Avithout  any  thin  section  the  gradual  increase 
in  grain  of  the  augite,  and  the  rocks  which  show  this  mottling  are 
very  monotonously  the  same,  even  under  the  microsope  differing,  so 
far  as  I  can  see,  but  slightly.  Some  have  a  little  more  or  little 
coarser  olivine  remnants.  Occasionally  this  ophitic  texture  may 
be  combined  with  large  feldspar  i>henocrysts  (eocrysts).  This  is 
true  sometimes  in  the  foot  of  the  Kear.sarge  lode  and  occasionally 
in  the  Oreenstone  itself. 

A  very  good  large  colored  diagram  of  the  ophitic  texture  is  given 
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in  Irving's  Monograph/^  Plate  IX,  Avliicli  sliows  pretty  well  in 
black  and  white  reproduction  (PI.  IV.  cj.  Ilofoie  leaving  the  sub- 
ject of  Die  ophitic  texture  it  may  not  be  inap])ropriate  to  mention 
its  derivation  from  the  Greek  word  for  reptiles — ophidians — and 
in  Plate  IV  a  I  reproduce  for  comparison  a  photograph  of  a  Gila 
monster  which  Mr.  Jesse  Myers  kindly  took  for  me. 

(b)  Doleritic  (PL  VII,  Sp.  17998).  This  term  I  used  in  'he 
Isle  Royale  report  for  a  texture  in  which  the  feldspar  was  much 
coarser  relative  to  the  augite  than  is  generally  true  in  the  ophite. 
The  term  doleritic  has  always  been  applied  to  rather  coarse  grained 
rocks  of  the  basaltic  and  diabase  families.  A  recent  suggestion 
has  been  to  apply  it  to  rocks  of  these  families  in  which  the  feldspar 
can  be  easily  recognized  with  the  eye  or  the  lens,  while  hornblende 
or  pyroxene  cannot.  This  is  the  definition  suggested  by  Iddings, 
Chamberlin  and  Salisbury  in  their  Geology,  Volume  I,  p.  417,  and 
adopted  by  Pirsson  (''Rocks  and  Rock  Minerals,"  p.  198).  It  is 
obvious  that  my  definition  of  the  texture  is  not  out  of  harmony  with 
this  macroscopic  definition  since  if  the  feldspar  could  be  recognized 
and  the  pyroxene  not,  it  would  be  likely  that  the  feldspar  would  be 
relatively  coarse,  though  perhaps  not  really  in  larger  grains  than 
the  augite,  since  it  is  easier  to  recognize  feldspar  with  character- 
istic twin  striations  than  to  separate  augite  from  hornblende.  It 
is,  however,  true  that  I  have  applied  the  term  ''doleritic  texture"  and 
"doleritic  streaks"  in  my  descriptions  of  the  cross-sections  (cf. 
Isle  Royale,  drill  hole  III, -Sp.  1.512G)  to  specimens  which  Pirsson 
might  call  "gabbro,"  e.  g.,  that  figured  in  Plate  VII,  that  are  so 
coarse  that  both  the  feldspar  and  the  augite  can  be  distinctly  recog- 
nized by  one  who  is  practiced.  The  fact  is  that  one  will  find  in  the 
heavier  beds  (more  frequently  in  some  than  in  others)  streaks 
which  appear  to  be  almost  sharply  separated  from  the  rest  of  the 
rock.  In  man}'  cases  they  might  readily  be  taken  for  intrusions 
and  yet  if  one  will  study  one  will  find  that  there  is  a  definite  con- 
nection between  their  coarseness  and  the  coarseness  of  the  sur- 
rounding rock,  and  that  they  never  occur  very  close  to  the  margin,^'' 
and  will,  I  think,  finally  conclude  that  they  are  due  to  some  sort 
of  differentiation  by  which  some  of  the  ingredients  have  gathered 
together  in  the  process  of  cooling  and  produced  a  magma  more  fa- 
vorable to  the  coarse  crjstallization  of  the  feldspar.  This  may  be 
due  to  some  such  action  as  that  which  produces  a  stratification 
banding  in  water  with  very  finely  divided  clay  slowly  settling  in  it, 

J5TJ.    S.    Geol.    Survey,    No.    5. 

^Though  occasionally,  e.  g.   in  Bed  .35  of  the  Clark-Montreal  section    (Chap.  V.  §2) 
it  seems  as  through  the  hot  welding  of  two  flows  had  given  a  doleritic  texture.     The, 
original   contact   representing  a   cooler  streak   in  the  joint   bed   should  be  extra  coarse 
in  grain. 
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but  I  am  more  inclined  to  think  tliat  it  is  due  to  the  accumulation 
of  some  sort  of  mineralizer,  s-ay  water  A^apor,  or  the  like,  in  certain 
layers.  There  may  be  a  distinct  tendency  toward  separation  of  the 
water  bearing  and  non-water  bearing  magma.  In  some  of  the  large 
exposures  of  the  Greenstone,  say  back  of  the  Central  mine,  one  will 
find  broadly  cui"\'ed  bands  of  lighter  and  darker  color,  which  appear 
like  the  stratification  of  some  gneisses,  but  these  are  evidently  noth- 
ing more  than  eutaxitic  flow  lines,  possibly  marking  some  initial 
slight  difference  in  temperature  which  has  been  rendered  iierma- 
nently  visible  by  slight  differences  in  the  abundance  of  certain 
ciystals.  The  phenomena  are  very  well  described  (and  without 
any  such  theoretical  preconception  as  might  tempt  me  to  warp  my 
account),  by  Marvin  in  his  description  of  the  light  and  dark  kinds 
of  diorite  by  which  he  cuts  the  ''Greenstone''  up  into  the  different 
beds  of  his  Eagle  Kiver  section  91  to  108.^^  All  of  these  belong  to 
one  immense  flow.  That  feature  Marvin  does  not  seem  to  have 
grasped.  He  describes  two  types, — the  light  type  and  the  dark 
type,  and  these  alternate  over  and  over  again.  Beds  90  to  91  rep- 
resent the  finer  grained  ophite  near  the  margin  and  Beds  92  and  93 
a  coarsely  mottled  rock  of  the  ophite  type;  from  Beds  94  to  106 
there  is  a  pretty  regular  alteration  of  what  he  calls  the  'iight 
type"  and  the  "dark  resinous  type," — the  light  being  what  I  should 
call  ''doleritic,"  the  dark  resinous  type  being  the  "ophitic"  or  "lus- 
ter mottled."  This  is,  however,  the  coarsest  possible  illustration  of 
the  texture  in  a.  rock  which  might  be  by  many  considered  as  a 
gabbro,  hut  if  so  it  is  an  effusive  gahbro.  The  feldspar  here  in  the 
light  type  is  long  and,  as  he  says,  at  times  over  an  inch  in  length. 
The  plagioclase  twinning  lines  are  so  coarse  that  he  noticed  them. 
He  suggests  that  the  relative  proportions  are  40  to  54%  feldspar, 
about  40  to  46%  (he  calls  it  hornblende)  augite,  and  consider- 
able delessite  (including  the  altered  olivine?)  It  has  a  coarse  crys- 
talline, irregular  texture  with  numerous  segregations  of  coarser  ma- 
terial composed  of  prehnite  and  feldspar  and  quartz  and 
epidote,  all  sugggesting  a  rock  originally  rather  jjorous, 
and  my  explanation  is  that  in  the  process  of  the  crystal- 
lization the  gaseous  mineralizers,  being  collected  in  certain 
streaks,  produced  a  coarser  crystallization  of  the  feldspar  and  a 
more  open  miarolitic  or  interstitial  character.  These  interstices 
may  be  lined  with  borders  of  fibrous  chlorite  or  chalcedony.  The 
main  filling  may  be  as  described  by  Marvin  or  the  intei'stices  may  be 
filled  with  chlorite  and  quartz,  apatite  needles,  and  various  specks 

^'Vol.    I.   iit.   II.   pp.   133-1.37.     Van   Ilise  and   I.eith   doubr   that   tlipy   are  "one   flow.'" 
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of  iron  oxide.  Against  tliem  not  only  is  the  feldspar  sharply 
bounded  by  the  aiigite  but  may  often  be  seen  to  have  its  crystalline 
form.  Figure  7  of  Eepoii;  for  1903,  herewith  reproduced  as  Figure 
17,  illustrates  this,  and  Figure  3,  Plate  VI  of  Volume  VI  which  is 
a  photograph,  not  a  drawing,  shows  the  same  thing,,  not  so  sharply 
and  more  or  less  disguised.  Avith  a  tendency  toward  an  agglomera- 
tion of  the  feldspar.  Close  to  the  center  of  the  field  and  a  little 
down  to  the  left  is  a  cavity  between  three  fairly  large  feldspar 
crystals  which  is  lined  with  the  fibrous  chlorite  rind.  The  filling  of 
these  interstices  might  i)roperly  be  called  secondary  but  in  some 
cases,  no  doubt,  the  filling  began  long  before  the  rock  had  lost  its 
original  heat.  Indeed,  it  may  have  been  pretty  closely  associated 
with  the  original  cooling.  If  I  am  right  in  thus  regarding  these 
streaks  and  this  texture  it  is  a  superficial  etjuivalent  to  deei>seated 
pegmatites  and  similar  rocks.  The  tendency  to  this  doleritic  text- 
ure seems  to  be  characteristic  of  some  beds  more  than  of  others 
and  these  doleritic  streaks  appear  at  times  to  be  fairly  persistent. 
Some  engineers  have  correlated  from  drill  hole  to  drill  hole  by  them, 
but  if  I  am  right  as  to  their  origin  such  a  correlation  is  unsafe. 
Yet  their  presence  is  a  pretty  sure  sign  of  a  rather  heavy  flow  and 
correlation  can  often  be  made  by  this  fact. 

One  thing  I  would  emphasize  before  leaving  this  subject  and  that 
is  that  Avhile  the  grain  varies  in  these  doleritic  streaks  and  is  not  al- 
ways uniform  as  compared  with,  the  more  luster  mottled  rock  in 
which  they  may  often  occur,  yet  after  all,  in  a  broad  way  they  too, 
are  coarser  the  farther  they  are  from  the  margin  of  the  flow,  and 
whereas  near  the  margin  we  may  find  little  doleritic  streaks  in 
which  the  feldspar  is  two  or  three  millimetres  long,  in  the  larger 
flows  it  may  be  several  millimetres  or  as  Marvin  says  an  inch.  The 
characteristic  feature  is  not  the  absolute  size  of  the  feldspar  but  its 
size  relative  to  the  augite  and  to  the  feldspar  of  the  surrounding, 
not  doleritic,  rock.  To  this  we  may  add  the  tendency  toward  idio- 
morphic  character  in  the  augite  and  open  interstices.  For  illustra- 
tions of  this  tendency  of  the  doleritic  streaks  to  be  coarser  in  the 
coarser  flows,  and  coai-ser  near  the  center  of  those,  see  Beds  112 
and  116  of  the  Central  mine  section,  Belt  42  of  the  Clark-Montreal, 
as  well  as  the  ''Greenstone,"  especially  in  its  upper  part. 
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Illustrative   Cases   of  Relation   of  Coarseness   to   Distance  from   Margin   in 

Doleritic  Texture. 
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(c)  Glonieroporphyritic  or  navitk-.  (PI.  VII,  Ss.  15384,  15295). 
The  appearance  under  the  microscope  of  this  texture  is  illustrated 
in  Figure  1  of  Plate  VI  of  Volume  VI  and  also  in  R.Ovsenbuscli's 
Figure  1  of  Plate  IV  of  Volume  II,  though  that  is  not  really 
highly  characteristic.  In  Irving's  Monograph.  Plate  IX.  Figures  2 
and  (especially)  3  this  texture  may  be  represented.  It  is  char- 
acterized by  the  fact  that  the  feldspar  occurs  with  very  considerable 
range  of  size  and  the  larger  feldspars  tend  very  strongly  to  gather 
together  into  bunches  or  clots.  To  this  the  word  glomeroporphijrit'w 
applies,  which  we  may  paraphrase  as  agglomerated  porphyritic  or 
clotted.  Iddings  well  calls  it  seriate  porphyritic.  The  origin  of 
the  texture  seems  to  be  in  the  fact  that  there  was  a  considerable 
excess  of  feldspar  molecules  in  the  cooling  magma  so  that  the  feld- 
spar crystallized  before  the  magma  came  to  rest,  and  grains  stuck 
together  more  or  less.  The  feldspar  growth  seems  to  have  been  con- 
tinuous and  these  larger  feldspars  which  rolled  in  from  perhaps 
a  cooler  point  in  the  course  of  the  flow  may  be  toward  the  margin 
considerably  larger  than  in  the  grain  which  would  result  from  the 
verv'  last  consolidation.  (Cf.  PL  VII.)  In  a  glomeroporphyritic 
flow  there  ma}'  thus  be  a  very  considerable  hiatus  between  the  two 
kinds  of  feldspar  near  the  margin  and  an  almost  continual  series 
toward  the. center  mth  every  gradation  between  what  Iddings  calls 
the  seriate  and  hiatal  fabric.  These  feldspars  do  not  seem  to  be 
radically  different  in  chemical  composition  or  widely  separated  in 
time  of  origin  from  the  latter  feldspars.  Nor  are  they  generally 
s^jeaking  corroded.  They  are  what  I  have  called  rhyocrystals  and 
not  brotocrystals.  Larger  and  distinctly  hiatal  crystals  with  no 
transition  to  the  crystals  of  the  ground  mass  do,  however,  occur 
and  are  characteristic  of  certain  beds.    One  of  the  most  important 
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of  these  is  the  foot  wall  of  the  Kearsarge  lode.  (PI.  VII,  Sp.  17956, 
and  Maudan  d.  IS  at  00  ft.)  The  glomeroporphyritic  is  a  type  of 
texture  which  occurs  especially  in  the  Ashbed  series;  for  instance,  in 
the-  beds  near  the  Pewabic  worked  by  the  Quiucy  mine,  but  some 
signs  of  this  texture  occur  all  through  the  .series  in  many  of  the 
more  feldspathic  melaphyres.  especially  in  a  group  below  the  Wol- 
A'erine  sandstone  in  the  Central  mine  section,  Beds  97-115,  in  the 
Torch  Lake  Mining  Company  section,  Beds  30-59,  Holes  4-7. 

-(d)  Porpliyritic  hiatal  (PI.  VII,  Sp.  1795G  and  Mandan  d.  18 
at  90  ft.)  We  have  just  spoken  of  this  texture  in  contrasting  it 
with  the  glomeroporphyritic.  It  must  not  be  imagined  that  in  this 
texture  feldspar  individuals  do  not  occasionally  group  themselves 
together.  Almost  all  plagioclase  is  a  group  of  twins,  but  in  this 
texture  the  difference  in  size  and  shape  and  sometimes  chemical 
character  between  the  crystals  of  the  older  generation  and  the 
crystals  of  the  younger  is  much  more  marked  than  in  the  glomer- 
oporphyritic or  seriate  porphyritic  texture  except  possibly  near  the 
margin  of  a  flow,  for  in  the  latter,  where  fine  grained,  very  close 
imitation  of  the  hiatal  porphyritic  fabric  may  be  found.  The  fabric 
1  have  now  in  mind  is  one  in  which  the  porphyritic  feldspars  are 
fouiid  several  millimetres,  in  fact  at  times  centimetres  long,  while 
Ihe  feldspars  of  the  ground  mass  may  not  be  recognized  with  the 
naked  eye.  In  fact,  such  rocks  are  very  likely  to  have  a  peculiarly 
line  grained  blue-black,  dense,  aphanitic  ground  mass  and  such 
blue-black  traps  can  often  be  recognized  even  when  phenocrysts  are 
not  present.  In  other  words,  these  rocks  are  distinctly  magnophy- 
ric  in  Iddings'  use  of  the  term,  while  the  glomeroporphyritic  rocks 
are  normally,  but  not  always,  mediophyric. 

All  the  above  textures  apply  primarily  to  the  basic  or  femic  rocks. 
The  salic  rocks  have  their  own  textures  but  so  far  as  the  pheno- 
crysts are  concerned  all  are  much  more  porphyritic  hiatal.  Though 
the  ])lienoci*;\sts  may  be  of  any  size  they  are  usually  sharply  distin- 
guished from  the  ground  mass.  The  ground  mass  of  the  felsites 
is  usually  a  fine  grained  mosiac  of  quartz  and  feldspar  but  some- 
times the  quartz  becomes  poikilitic  by  simultaneous  extinction  show- 
ing an  orientation  over  areas  which  include  a  lot  of  other  things 
enclosed,  such  as  feldspar  and  iron  oxide.  Not  infrequently  these 
poikilitic  quartz  areas  surround  phenocrysts  of  quartz  as  with 
an  aureole  or  halo.  I  am  inclined  to  believe  that  these  textures 
of  i)oikilitic  quartz  are  due  to  secondary  alteration  of  an  originally 
glassv  ground  mass.  Coming  now  to  textures  involving  more  es- 
p^'cially  ground  mass  : — 
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(e)  Amygdaloidal  texture  (PI.  VII,  8p.  17956)  is  due  to  gas 
bubbles  more  or  less  filled.  These  bubbles  are  abundant  at  the 
uiaroins  and  topvs  of  flows.  Occasionally  large  ones  seem  to  occur 
also  well  in  toward  the  center.  It  is  not  infrequent  to  find  beds  of 
fine  grained  red  mud  or  ash  filled  with  what  seem  also  to  be  prac- 
tically amygdules  produced  by  the  turning  of  the  water  in  the  mud 
to  steam  through  the  heat  of  some  oyerlying  bed.  The  bubbles  are 
larger  and  rounder  in  the  ophites,  smaller  and  finer  and  often  more 
drawn  out  in  the  more  feldspathic  rocks.  Around  the  amygdules, 
as  near  the  margin  of  the  flow,  the  grain  becomes  finer;  the  feld- 
spar assumes  forked,  and  skeletal  forms  such  as  are  according  to 
Tammann^*  characteristic  of  crystallization  which  takes  place  quite 
a  little  below  the  fusion  point.  From  the  bottom  of  a  flow  these 
bubbles  may  rise  up  in  long  tubes,  the  so-called  pipe  amygdules. 
Such  pipe  amygdules  are  well  exi>osed,  for  instance,  in  the  blufts 
just  north  of  Bessemer.  Thus  there  may  be  a  little  of  the  lower 
part  of  a  bed  which  would  be  classed  strictly  as  amygdaloid, — 
generally,  howeyer,  not  oyer  a  foot  or  two.  In  the  yarious  sections 
it  has  been  found  conyenient  and  necessary  to  assume  that  the 
top  of  the  amygdaloid  Ayas  exactly  the  top  of  the  flow. 

(f)  The  microlitic  texture  which  occurs  around  amygdules  and 
elsewhere  is  shown  in  Figure  5  of  Plate  YI.  ^^olume  VI,  and  in  the 
plate  already  referred  to  in  Irying.  and  in  Figure  .5  of  Plate  III  in 
Rosenbusch's  Physiography.  It  is  characterized  by  the  fact  that 
the  last  generation  of  ground  mass  is  composed  of  feldspar  in  minute 
needles  perhaps  something  like  0.1  millimetre  long  and  yery  much 
more  slender.  Instead  of  being  tabular  thej-  are  more  likely  to  be 
prismoidal. 

There  are  a  number  of  textures  here  which  may  perhaps  be  dis- 
tinguished but  which  are  so  closely  alike  that  it  is  hard  to  describe 
the  difference.  Many  of  the  melaphyres  have  close  to  the  margin 
a  microlitic  texture  when  the  augite  remains  still  in  the  glassy  fonn. 
This  also  occurs  around  amygdules.  In  either  case  there  is  really 
more  feldspar  in  the  rock  and  so  we  get  feldspar  porphyries  with  a 
very  similar  texture.  In  the  extreme  marginal  forms,  howeyer, 
the  feldspar  microlites  are  almost  inyariably  forked  and  are  in- 
clined to  enclose  glass  and  assume  skeletal  shapes,  and  are  i)erhaps 
on  the  whole  a  little  less  likely  to  be  regnlarly  arranged.  This  is 
perhaps  the  hyalopilitic  texture  proper  and  may  be  found  in  most 
of  the  sections  which  are  cut  within  a  few  inches  of  the  margin. 
I  haye  never  seen  it  when  the  record  implies  that  it  was  more 
than  a  foot  aw'av  from  the  actual  exterior  of  the  flow. 


i^Kristallisieren   mid   Schmelzen,    Leipzig,    1903,    pp.    134-135. 
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On  the  other  haud,  a  texture  which  is  rather  characteristic  of 
the  feldspar  porphyries  is  liable  to  have  the  feldspar  somewhat 
coarser  and  especially  to  have  the  feldspar  crystals  arranged  in 
somewhat  parallel  floAV  lines.  A  particularly  good  illustration  of 
this  is  found  in  a  feldspar  porphyry  which  seems  to  cut  an  ophite 
in  the  Mendota  cros-s-section. 

(g)  The  vitrophyrie  texture  (generally  glaissy  ground  mass) 
seems  usually  to  be  confined  to  a  few  millimetres  from  the  contact. 
In  the  feniic  rocks,  the  melaphyres  and  porphyrites,  this  is  probably 
as  far  as  it  Went.  In  the  felsites  and  salic  rocks  it  extended  much 
farther.  In  the  basic  rocks  it  is  brown  and  yellow  and  seems  to 
be  largely  decomposed. 

(h)  The  normal  crystalUsation  of  the  quartz  feldspar  eutectic,  if 
it  crystallizes  directly  from  aqueous  solution  in  the  first  place, 
seems  to  be  in  the  rock  intergrowth  which  I  have  called  micropeg- 
matite.  A  good  adjective  perhaps  is  graphic.  The  texture  is  beau- 
tifully illustrated  in  Iddings'  chapter  on  the  "Ciystallization  and 
Texture  of  Igneous  Rocks.''  When  microscopic,  Iddings  calls  it 
micrographic.  This  micrographic  texture  occui-s  in  the  interstices 
of  the  Bessemer  gabbro  and  the  center  of  most,  if  not  all,  of  the 
large  diabase  dikes.^**  It  also  occurs  in  some  of  the  porphyries. 
It  is  also  very  common  in  the  pebbles  found  in  the  conglomerates. 
It  is  so  much  more  common  there  than  in  the  igneous  rocks  that  it 
is  a  strong  argument  in  favor  of  Wadsworth's  view  that  it  may 
be  a  secondary  texture  of  the  same  nature  as  the  poikilitic  aureoles 
of  quartz  and  the  quartz  feldspar  mosaic  of  the  felsite.  Irving 
agreed  with  Wadsworth  in  his  interpretation.  I  can  not  personally 
agree  Avith  that  interpretation,  for  reasons  explained  quite  fully 
in  my  discussion  of  the  quartz  diabases  and  the  granophyric  dia- 
bases (which  Iddings  would  call  the  graphophyric  diabase),  in  my 
Isle  Royale  report,  but  the  relative  abundance  of  this  texture  in 
the  pebbles  is  certainly  ]mzzling.  Can  we  assume  that  it  is  prl- 
njr»ry  and  also  i^econdary  in  the  presence  of  hot  water? 

(i)  Another  texture  of  the  salic  rocks  is  the  spheruUtic  or  micro- 
fi'lsn'fif.  Ill  some  of  the  jtor]>hyiies  neiir  the  Bare  Hills  described 
by  Hubbard,  the  rounded  balls,  known  as  spherulites,  occurring 
in  the  felsites  are  veiw  well  shown.  These  also  occur  in  the  Porcu- 
l>ine  ^Nfouiitaiii  ]>orphyries.  It  is  due  to  the  ra])id  growth  of  quartz 
feldspar  eut(M-tic  from  centers  of  crystallization  in  a  salic  magma 
and  is  sometimes,  perhaps  always,  a  microscopic  or  submicroscopic 
radial  intergrowth  of  quartz  and  feldspar  aggregate  in  the  micro- 


"See  Vol.   VT..   I't.    I.,   VI.   XVI   and   report   for  1908,   PI.  VII. 
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graphic  texture.     This  is  veiy  fully  and  beautifully  described  by 
Iddings. 

(j)  Another  texture  characteristic  of  the  salic  rocks  is  a  granu- 
lar aggregate  of  quartz  and  feldspar,  none  of  the  grains  being  pe- 
culiarly elongate  and  the  general  eifect  being  that  of  a  mosaic.  This 
occurs  in  the  gabbro  aplites  and  is  pretty  surely  primary.  I  am  in- 
clined to  think  that  a  very  similar  texture  but  without  quite  so 
much  sign  of  crystalline  form  in  the  grains  also  occurs  as  a  product 
of  secondaiy  alteration.  This  mosaic  texture  is  then  sometimes 
pan-idiomorphic  and  sometimes  hyp-idiomorphic.  The  general  ap- 
pearance is  equi-granular.     (Report  for  1908,  PI.  VII,  Fig.  5.) 

(k)  Before  leaving  the  subject  of  textures  one  texture  which 
is  charactertistic  of  the  sediment  should  be  mentioned,  that  is  the 
tufaeeous  in  which  the  peculiarly  concave  forms  of  ash  is  well 
illustrated  as  shown  in  Figures  1  and  2,  Plate  VI  of  Volume  VI. 
The  original  fragments  are  found  entirely  replaced  and  may  be 
charged  with  epidote.  but  before  this  change  they  may  have  been 
coated  with  chalcedony  from  the  large  amount  of  soluble  silica 
wiiich  necessarily  occurs  in  a  glass  deposit  which  then  pereists  so 
that  after  their  original  substance  is  all  gone  their  form  may  yet 
remain.    This  leads  to  one  further  texture. 

(1)  It  will  often  be  found  that  between  crossed  nicols  there  are 
large  patches  which  extinguish  together,  are  generally  quartz  full 
of  enclosures,  and  have  no  relation  to  the  texture  as  seen  in  ordinary 
light,  in  which  latter  case  one  may  perhaps  plainly  see  the  outlines 
of  feldspars  arranged  in  some  microlitic  or  trichitic  texture.  Upon 
changing  to  polarized  light  there  will  be  no  sign  of  this  texture 
remaining.     This  is  a  secondary  poilviUtic, — metapoikilitic  texture. 

In  the  Isle  Royale  report  I  separated  the  petrographic  notes  from 
the  general  cross-sections.  It  has  on  the  whole  not  proved  a  satis- 
factory method  and  in  this  report  I  have  placed  i>etrographic  notes 
with  the  general  notes  where  they  naturally  come  in  describing  the 
cross-sections.  The  most  complete  and  systematic  set  of  thin  sec- 
tions are  from  Isle  Koyale  drill  cores.  Since  then  sections  have  been 
made  only  as  some  special  point  of  interest  came  up.  The  follo\Wng 
list  of  specimens  may  with  the  index  help  one  in  knowing  what 
specimens  have  been  collected  or  sections  studied  from  various 
horizons. 
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Ss.     16401-16473 


•§4.     LIST  OF  SPECIMENS  OF  KEVVEENAWAN   FROM  SP.   15000  ON. 

Ss.  15000-16000  are  fi-oiu  Isle  Royale  and  niaiiily  sectioned.  The 
sections  are  in  the  Ashbed  and  Central  ]Mine 
group  of  flows.  Up  to  16400  they  were  also  from 
Isle  Royale,  mainly  not  sectioned, 
are  from  Tamarack  No.  4  shaft.  Down  to  10445 
mainly  Ashbed  group,  down  to  16457  above  con- 
mainly  Ashbed  group,  down  to  16457  above  Con- 
glomerate 14.  (See  Annual  Report  for  1903.) 
and  16490-16500  and  Ss.  16515-16534  are  Tama- 
rack No.  3  shaft  down  to  the  Allouez  Conglom- 
erate No.  15  at  16500. 

is  from  ^J>lmarack  No.  5  shaft,  continued  by 
17654-TT6S6. 

are  from  Centennial  cross-cut,  Calumet  to 
Osceola. 

are  from  the  Central  Mine.  (Fig.  31). 
are  from  Eagle  Harbor,  section  23,  T.  58,  R.  31. 
are  from  the  Copper  Falls  Mine, 
are  from  T.  58,  R.  32,  Ashbed  group, 
are  from  Copper  Falls,  Central  section, 
are  from  the  Lac  la  Belle  and  Mendota  section 
(See   Vol.    VI,    Pt.    2, — a    number   of   thin    sec- 
tions). 

are  from  a  long  cross-cut  from  the  Quincy  Mine 
running  below  it  in  the  lower  Ashbed  and  Cen- 
tral Mine  groups.  Only  one  section  17066. — an 
ash. 

is  from  Keystone  Location.  (Sec.  30,  T.  58.  N. 
37  W.)  sectioned;  also  17213-4;  other^vise — 
were  further  specimens  in  T.  58,  R.  28,  for  Hub- 
bard's work  on  Bare  Hill,  etc.  (Vol.  VI,  Pt.  II.) 
are  from  the  Franklin  Junior  section  (See  Vol. 
VI,  Pt.  II)    continued  by 

Mt.  Bohemia  rocks  for  L.  L.  Hubbard  (see 
Vol.  VI,  Pt.  II). 

are  along  lines  of  contact  with  occasional  sec 
tions.      Porphyry,    melaphyre,    dolerite,    ophite, 
amygdaloid,  felsite,  tufa, 
are  from  Section  33,  T.  58  N.,  R.  31  W. 
are  miscellaneous  specimens. 


Ss. 

16474-16482 

Sp. 

16483 

Ss. 

16541-16564 

Ss. 

16650-16676 

Ss. 

16677-16679 

Ss. 

16780-16782 

Ss. 

16873-16880 

Ss. 

16906-16907 

Ss. 

16908-17057 

Ss. 

1705817132 

Sp. 

17133 

Ss. 

17134-17236 

Ss. 

17275-17342 

Ss. 

17343-17448 

Ss. 

17449-17551 

Ss. 

17552-17553 

Ss. 

17554-17635 
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Ss. 

1703(3-1765:3 

Ss. 

17654-17()8() 

Ss. 

17680-17(580 

Ss. 

17690-17695 

S.&. 

17695-1771? 

Ss. 

17715-1780,- 

Ss. 

17860-17871 

Ss. 

17878-17899 

Ss. 

17899-17991 

Ss. 

17992-17999 

Ss. 

19401-19703 

Ss. 

19704-19775 

Ss. 

19735-19740 

Ss. 

20039-20340 

Ss. 

20351-20354 

Sp. 

20356 

Sp. 

20357 

Sp. 

20358 

Sp. 

20359 

Ss. 

20380-20427 

Ss. 

20429-20442 

Ss. 

20443-20446 

Ss. 

20447-20458 

Ss. 

20461-20485 

Sp. 

20485 

Ss. 

20486-20500 

Ss. 

20501-20559 

Ss. 

20560-20562 

Ss. 

20563-20598 

Sp.     20600 


are   from    Franklin    Jr.    cross-cut    (See   20429). 
Figiire  40." 

are  from  Tamarack  5  shaft, 
are  Gratiot  BlutT  felsite. 
are  near  South  Eauge  near  hill  north  of  belt, 
are  various  specimens  in  Ontonagon   district,  a 
few  of  them  sectioned.     17705  is  a  glomeropor- 
phyrite. 

Copper  vein,  prehnite,  melaphyre  boulder. 
Atlantic  Mine  cross-cut.     Chapter  Y,  §  16. 
Franklin  Jr.  (See  17342)  section  and  drill  holes 
sections  Nos.  17982,  17991.     Figure  40. 
Drill  cores,  Manitou  holes, 
are  between  Winona  and  Kockland,  described  by 
P.  S.   Smith,  typewritten.     A  few  thin  sections 
have  been  made  with  notes  by  Lane. 
West  of  Ontonagon. 

Old  Colony  cross-cut.     Chapter  V,  §  10. 
Black  Eiver  section  with  Gordon's  notes.    (Re- 
port for  1906.) 

Ashbed  group  on   south  side  of  Portage  Lake, 
Section  35,  T.  55  N.,  R.  34  W. 
Sectioned   eastern    sandstone,    Wyandotte   drill 
hole  13.     Chapter  V,  §  21. 
Amygdaloid  conglomerate,  Wyandotte  drill  9. 
Sectioned,  epidotic  sediment.  Wyandotte  drill  5. 
Section  of  datolite,  Winona  Mine. 
Superior  trench  and  shaft.     Chapter  V,  §  14. 
Franklin  Junior,  4th  level  cross-cut,  of  Section 
17653.    Ch.  V,  §  11. 
Franklin  Junior,  21st  level    cross-cut.     Ch.    V, 

§  11. 

Miscellaneous    illustrative    specimens    from    va- 
rious locations. 
Manitou  section. 
M.  3.     122. 

Mendota  ophite  and  intrusive  felsite  porphyrite. 
Mount  Bohemia. 

Torch  Lake  sections,  20575  ^linong  type.  Ch.  V, 

§  10. 

Altered  boulder  of  Calumet  and  Hecla. 


Sp. 

20601 

Sp. 

20602 

Ss. 

20617-20620 

Ss. 

20623-20638 
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CopiK^r  aud  silver-  from  Old  Colony  lode. 

Calcite  and  copper  in  two  generations. 

Diamond  drill  core  set,  used  in  Plate  VI,  from 

St.  Mary's  Challenge  exi)loration. 

Calumet  and  Hecla  White  Pine  explorations.. 
Descriptions  of  the  following  thin  sections  will  ])e  found  scattered 
through  the  text. 
8p.     19086 

Sp.     17982     Steamed  sediment. 
Sp.     17998     (Oligoclase  Ab  An.).     Into  the  hanging  of  the  Pewa- 

bic  Lode. 
Sp.     20356     The  earlier  sandstone.     Mai-rine's   Conglomerate  6-8, 

or  sediment. 
Sp.     20358     Wyandotte  Hole  5  at  307. 
Sp.     20359 


Michigan  Geological  and 
Biological  Purvey. 


Publication  6,  Geology  4. 
Plate  IV. 


(A.)  PHOTOGRAPH  OF  AN  OPHIDIAN.  THE  GILA  MONSTER,  TAKEN  BY  JESSE 
MYERS  OF  THE  ZOOLOGICAL  DEPARTMENT  OF  THE  MICHIGAN  AGRICULTURAL 
COLLEGE. 


(B.)  OPHITIC  MOTTLIXC;  BROUGHT  OUT  NEAK  A  .sKAM  OF  CHLORITE  FROM 
THE  MANITOU  SECTION  3  D.  3  N.,  AT  543  FEET  DEPTH;  IN  THE  GREENSTONE, 
THE  BASE  OF  WHICH  IS  ABOUT  72  FEET  AWAY.  THE  DIAMETER  OF  THE  CORE 
IS  7-S  OF  AN  INCH. 


(C.)  THE  EFFECT  OF  OPHITIC  TEXTURE  IN  THIN  SECTION,  HALF-TONE  RE- 
DUCTION OF  PLATE  IN.  MONOc;UAPH  V,  U.  S.  G.  S.,  BY  R.  D.  IRVING.  FROM 'A 
MELAPHYRE  IN  THE  SOUTHEAST  QUARTER  OF  SECTION  9,  T  51,  R  12  MIWF.-^OT  A 
ENLARGED  ABOUT  4.7  IN  DIAMETER. 


Michigan  Geological  and 
Biological   Survey. 


Publication  6,  Geology  i. 
Plate   V. 


TRACKS  (•?)  ON  SLAB  OF  NONESUCH  SHALE,  PHOTOGRAPHED  BY  J.  T.  REEDER. 
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CHAPTER  IV. 
THE  GRAIN  OF  THE  IGNEOUS  ROCKS. 

§  1.      INTRODUCTION. 

This  chapter  logically  belongs  ^vith  the  chapter  on  microscopic 
petrography  but  the  grain  or  coarseness  of  many  of  these  rocks 
can  be  made  out  Ayithont  the  use  of  the  microscoi)e.  Since  its  varia- 
tion has  practical  importance  and  as  I  have  made  some  especial 
stndy  on  the  same,  it  has  seemed  to  me  l>est  to  make  a  separate 
chapter  of  my  studies. 

Igneous  rocks,  as  their  name  implies,  have  been  formed  through 
the^oss  of  heat,  aided  or  retarded  bv  changes  in  pressure  and  in- 
cluded gases  (mineralizersj.  Treat  heat  or  caloric  (the  ancient 
phlogiston)  as  an  imponderable  substance,  and  we  may  group  it 
^^^th  the  gases  as  a  solvent,  and  say  that  consolidation  is  largely 
or  wholly  due  to  diffusion  of  solvents  through  the  margin.  In  other 
papers^  I  have  discussed  the  geueral  theoiw  of  the  matter,  but  as 
some  of  them  are  out  of  print  and  the  report  for  1903  is  defaced  by 
a  number  of  errors  in  printing.  I  will  give  an  abstract  here  con-ect- 
ing  some  errors  but  omitting  details. 

The  Keweenawan  rocks  most  often  occur  in  dikes,  sills,  sheets 
and  lava  floods,— forms,  one  of  whose  dimensions  is  so  much  less 
than  the  others  that  the  position  and  distance  from  the  margin  in 
this  direction  is  the  important  factor.  It  is  not  the  only  important 
factor,  for  the  chemical  character  is,  of  course,  of  fundamental  im- 
portance. The  more  viscous  (practically  the  more  feldspathic)  the 
magma,  the  finer  grained.  The  process  of  gro^vth  may  be  stopped 
in  one  of  two  ways,  either  the  available  molecules  are  exhausted 
or  the  magma  becomes  so  viscous  that  they  can  no  longer  be  pulled 
out.  In  the  former  case  it  may  be  simply  that  the  rock  is  all  con- 
solidated and  wholly  crystalline,  the  mineral  in  question  being  the 
last  one  formed.  It  may  also  be  that  the  remaining  molecules  are 
soluble  at  a  given  temperature  and  pressure  and  may  go  into  en- 
tirely different  crystal  molecules,  and  indeed  the  crystals  formed 

~Bull.    Geol.    Soc.    Am.,    Vol.    Vnr^l896).pp    403-407  ;    GeolRep^   on   Isle  Roy^^^ 
(Geol.  Sur.  Mich..  Vol.  VI..  189.«5).  PP-  106-151  :  Am    Joiin  Sck    (4)    Vol    XIV  ^^ 
pp.    393-395;    Bull.    Geol.    Soc.    Am..    Vol     XIV    (1903).    PP.    "^^O^^^e  .    Ann.    lU p.    i.eo:. 
Snr     Mich     for    1903    (1904).    pp.    205-237:    Do.    for    1904    (190o),    pp.    it'  i-^i*.    f"-^- 
Im    GeoL'VoT  XXX V.^     1905). ^^pp.   65-72:    Jour.   Canad    M in  ng     nst     Vol    IX ;      D^e 
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may  be  redissolved.  For  instance,  Ave  find  jilain  indications  in  tlie 
Keweenawan  rocks  tliat  a  magnesium  silicate  forms  as  olivine  at 
high  temperatnre.s,  but  that  if  the  part  molten  rock  remains  near 
certain  lower  temperatures  long  enough  the  olivine  already  formed 
may  be  corroded  and  augite  molecules  formed  instead.  Tlius  for 
a  certain  distance  in  from  the  margin  the  olivine  may  l>e  shai-p 
and  conspicuous,  and  farther  in  maj'  be  only  in  corroded  grains. 

One  important  factor,  however,  will  be  the  rate  of  cooling.  For 
as  the  rock  fluid  or  magma  cools  it  tends  to  become  more  viscous 
and  that  retards  both  the  formation  of  centers  of  crystallization 
and  the  flow  of  molecules  to  them  aiid  in  general  for  a  given  com- 
position of  rocks  the  slower  the  cooling  the  coarser  will  be  the 
grain.  In  the  viscous  feldspathic  rocks  the  power  of  crystallization 
is  low.  Hence  feldspathic  rocks  are  extra  fine  grained.  On  the 
other  hand  augitic  rocks  of  a  composition  something  like  Bunsen's 
normal  basalt  are  always  visibly  granular  within  thirty  feet  of 
the  margin.  Felsites  in  similar  masses  A^-ill  be  recogTiizable  by  their 
porcelain-like  fineness. 

The  retention  of  solvent  gases  seems,  as  we  have  mentioned  in 
discussing  the  doleritic  and  ophitic  or  poikilitic  texture,  also  to 
aid  the  power  of  feldspar  crystallization,  so  that  the  last  formed 
feldspar  is  likely  to  be  coarse  relative  to  the  augite  in  intrusives, 
])egmatites  and  doleritic  streaks.  On  the  other  hand,  it  appeai-s 
that  the  surface  melaphyres  flovt'ed  and  kept  pretty  well  stirred 
up  in  temperature  until  they  were  cooled  to  within  10  per  cent  of 
the  crystallizing  point  of  augite,  and  that  consolidation  took  place 
from  the  margin  to  the  center  before  the  center  had  cooled  much, — 
for  the  grain  of  the  augite  (as  theory  would  lead  us  to  exjDect  in 
such  a  case)  increases  from  the  margin  to  the  center.  Theoretically, 
Ave  should  find  that  there  could  be  a  rapid  rate  of  increase  propor- 
tional to  the  distance  from  the  margin  for  a  short  side  zone  which 
was  crystallized  before  the  adjacent  rock  had  heated  up  appreciably 
and  there  would  then  be  a  transition  (fairly  sharp)  to  a  slower 
rate  of  increase.  This,  if  the  degree  of  superfusion  is  small,  and 
the  initial  temperature  not  over  5  per  cent  more  than  the  crystal- 
lization temperature,  will  continue  from  the  margin  to  the  center 
and  be  proportional  to  the  distance  from  the  outer  margin  of  the 
contact  zone.  The  augite  of  the  Keweenawan  melaphyres  which 
crystallized  really  followed  these  laws  to  a  rough  degree  of  numeri- 
cal accurncy.  The  contact  zone  and  rapid  rate  of  increase  is  con- 
fined to  a  belt  usually  less  than  ten  feet.  The  inner  rate  of  increase 
(which    T  have  called  A.  the  outer  C)    is  fairly  uniform  for  any 
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one  flow-  and  in  the  lustre  mottled  nielapliyres  or  ox>liites  is  usually 
between  1  mm.  in  10  and  1  in  20  feet,  or  say  1  mm.  in  3  to  5  meters. 
In  the  more  feldspathic  flows,  like  the  Kearsarge  foot,  it  is  less. 
The  maximum  rate  of  increase  must  depend  on  the  ratio  of  vis- 
cosity and  consolidation.  The  very  highest  inner  rate  of  increase 
is  a  rate  of  1  mm.  for  each  8.5  feet,  but  in  the  large  majority  of 
cases  the  rate  comes  out  1  mm.  in  somewhere  between  11  and  16  feet. 
This  refers  to  the  linear  diameters  of  the  augite  grains  as  indicated 
by  the  mottlings  on  the  drill  cores.     (Pis.  IV  and  VI.) 

§  2.     GRAIN  NUMERICALLY  DEFINED  AND  RECOGNIZED. 

To  take  up  this  matter  more  precisely,  while  we  know  that  some 
rocks  are  coarse  grained  and  some  fine  grained,  just  as  grocers  sell 
coarse  and  fine  granulated  sugar,  it  is  not  at  all  necessar^^'  that 
all  the  different  minerals  that  make  up  a  rock  should  be  of  the  same 
grain. '  This  is  not  generally  true.  It  is  also  quite  possible  that  in 
comparing  difi'erent  parts  of  one  rock  mass,  one  mineral  may  be 
coarser,  another  finer.  Whether  this  is  so  is  a  matter  of  observa- 
tion. In  any  precise  work  the  grain  of  one  mineral  must  be  con- 
sidered at  a  time.  Still  it  is  a  matter  of  common  observation  that 
some  rocks  like  pegmatites  have  a  generally  coarse  effect,  others 
mineralogically  alike,  aplites  say,  are  generally  much  finer  grained. 

The  coarseness  of  grain  of  a  given  mineral  may  be  determined 
by  the  linear  dimensions  of  its  crystals  or  by  the  areas  covered  by 
them  in  cross-section. 

Practically,  it  is  generally  more  rapid  and  convenient  to  com- 
pare linear  size,^  though  the  areas  appear  to  vary  more  directly 
with  the  slowTiess  of  cooling. 

The  grain  of  a  mineral  may  then  be  determined  by  taking  the 
average  of  breadths  of  the  grains.  I  have  sometimes  used  the 
average  of  five  of  the  grains  (making  sure  of  full-sized  ones  and 
not  working  on  clipiied  cornere,  by  taking  the  largest  within  a  given 
area  large  enough  to  include  numerous  grains,  like  the  field  of  view 
of  the  microscope,  or  a  square  centimetre,  etc.).  Another  way  of 
measuring  the  grain  is  by  varying  magnification.  If  one  section, 
magnified  fi^i'e  diameters,  appears  as  coarse  as  another,  we  may  say 
its  grain  is  one-fifth  as  coarse.  In  the  Isle  Koyale  section  most 
of  the  w^ork  was  done  with  a  micrometer  eye-piece,  one  of  whose 
divisions  was  about  equal  to  1/30  mm.     So  I  took  three  obsei-va- 


^Cf.  the  data  found  for  the  Greenstone,  especially  at  the  Mandan  and  Manitou  loca- 
tions. 

3Rosival  (Verh.  Wien  Geol.  Reichs-Anst.,  XXXII,  1898,  p.  143)  has  demonstrated 
that  volumes  are  proportional  to  linear  measurements  of  mineral  grains  in  section, 
as   A.    N.    Winclipll    has   railed    1o   my    attention. 
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tions,  for  by  adding;  tlioin  and  pointing  off  two  places  one  can  get 
the  average  dimensions  in  mm.  at  once. 

The  grain  of  a  rock  we  may  regard  as  the  grain  of  characteristic 
and  dominant  constituent  minerals.  If  it  is  to  be  studied  with 
relation  to  the  margin  of  an  igneous  rock  it  is  important  that  the 
mineral  should  be  one  which  formed  after  the  fluid  rock  magma 
came  to  rest.  The  last  formed  constituent  is  generally  that  which 
conforms  more  closely  to  the  laws  of  cooling,  for  (1)  heat  given  out 
by  chemical  rearrangement  is  less  and  (2)  even  its  own  latent  heat 
of  crystallization  is  taken  up  largely  by  pre-existing  minerals  and 
thus  disturbs  the  simple  cooling  effect  less;  (3)  the  abundance  of 
granules  already  present  tends  to  prevent  undercooling  and  bring 
on  crystallization  promptly,  as  fast  as  the  temperature  drops  so 
that  it  is  possible;  (4)  initial  irregularities  in  temperature  are 
more  likely  to  have  been  smoothed  out. 

My  most  important  and  interesting  results  have  been  obtained 
on  the  augite  which  is  the  last  formed  essential  ingredient  of  many 
of  the  traps, — those  that  rnn  about  48  per  cent  silica  and  10  per 
cent  lime,  such  as  are  ver\'  common  in  the  Keweenaw  series.  It  is 
the  cement  or  mesostasis. 

The  size  of  grains  of  this  augite  is  often  quite  readily  recognized 
with  the  naked  eye.  Of  course  it  can  always  be  told  in  fresh  rock 
by  examining  thin  sections  under  a  microscope.  It  may  also  be 
recognized  without  the  microscope: — (1)  by  the  flashes  of  light 
reflected  from  the  large  faces  which  extend  all  over  one  individual. 
Rocks  so  reflecting  have  been  called  luster  mottled  melaphyres  and 
ophites.  They  are  poikilitic.  (2)  Again  the  iron  oxide  and  olivine 
seem  to  have  been  crowded  away  from  before  the  augite  as  it 
formed,  though  the  feldspar  is  enclosed.  Possibly  there  is  some 
porosity  between  the  grains.  There  should  be.  Thus  the  alteration 
to  chlorite  and  serpentine  always  begins  at  the  outside  of  the  augite 
and  works  in,  and  as  we  have  mentioned  there  are  color  patterns 
formed  which  are  recognizable  to  the  i^racticed  eye, — sometimes  on 
joint  planes,  sometimes  on  smoothed  surfaces,  whether  polished  or 
unpolished,  rouiuled  pebbles  or  as  illustrated  in  drill  cores.  They 
are  more  faint  on  fresh  fractures,  but  even  here  there  is  a  faint 
purple  and  green  mottling  often  mentioned  by  Marvine.  In  general 
the  augite  centers  are  lesvs  greenish. 

(3)  If  the  rock  is  exposed  to  the  mechanical  erosion  of  the  rain, 
the  interstices  weather  back  and  leave  a  warty,  jwck-marked  ap- 
pearance so  that  the  rock  fifty  years  ago  was  called  varioloid  green- 
stone. Illustrations  of  the  api)earance  of  the  drill  cores  and  of 
the  weathered  surface  are  found  in  Plates  II  to  VII. 
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§3.      GRAIN    DEPENDENT   ON    RELATION    TO   THE    MARGIN. 

WTien  igneous  rocks  occur  in  elongate  forms,  over  five  times  as 
long  as  thick,  the  distance  from  one  margin  alone  need  generally 
be  considered.  There  are  exceptions,  however,  to  this,  as  when  gas 
escapes  into  a  cavity  (a  bubble  Avhich  when  filled  is  an  amygdule) 
around  which  we  find  in  consequence  a  finer  grain.  The  doleritic 
streaks  due  perhaps  to  segregated  mineralizers  are  other  exceptions. 
Occasionally  (Sp.  15743)  we  find  a  finer  grain  near  a  crack  which 
might  be  explained  by  supposing  that  the  rock  was  a  stiff  viscous 
glass  and  cracked  in  cooling  like  the  basaltic  columns  before  crystal- 
lizing. 

When  a  rock  crystallizes  there  are  two  factors  concerned.     The 
one  is  the  power  of  crystallization,  to  wit,  the  number  of  ciwstal 
granules  forming  in  a  unit  volume  in  a  unit  of  time.*     If,  for  in- 
stance, we  heat  up  a  glass  above  a  certain  point  it  will  commence 
to  devitrify  and  the  higher  we  raise  the  temperature  the  more  rap- 
idly will  it  devitrify  and  the   more    numerous   will  the  specks  of 
crystalline  devitrification  become.     Obviously  the  number  of  these 
will  put  a  distinct  limit  on  the  size  of  the  crystal  into  which  any  • 
one  center  may  grow.    This  is  known  as  the  power  of  crystallization. 
If  the  substance  has  not  high  power  of  ci-ystallization  it  may 
be  cooled  so  rapidly  that  it  becomes  a  stiff  solid  glass  and  the 
crystals  will  not  appear  at  all.     Then  upon  raising  the  tempera- 
ture we  shall  find  that  at  some  temperature,  often  about  that  at 
which  the  glass  begins   to    soften,    the    crystalline  centers  appear. 
The  temperature  where  there  is  greatest  power  of  crystallization  is 
sometimes  considerably  below  that  of  perceptible  viscosity,  some- 
times much  higher  and  nearer  that  of  the  fusion  point.    The  power 
of  crystallization  always  seems  to  decrease  near  the  fusion  point, 
but  this  must  be  partly,  at  least,  because  the  latent  heat  of  crystal- 
lization is  given  out  and  raises  the  surrounding  fluid  to  the  fusion 
point  and  so  checks  the  action.    The  power  of  crystallization  is  not 
so  inversely  proportional  to  the  viscosity  as  the  velocity  of  crystal- 
lization. 

This  second  factor  is  the  rapidity  of  crystallization  or  linear 
velocity  of  growth  of  ci-ystals  in  millimetres  per  minute.  This  dif- 
fers in  different  directions.  We  ordinarily  assume  that  the  planes 
of  cleavage  are  planes  of  greatest  molecular  density.  It  is  natural 
to  infer  that  in  attractions  lying  in  these  planes  the  molecular  at- 
tractions will  be  strongest  and  there  will  be  a  tendency  to  greater 
growth.     This  is,  indeed,  true  in  a  general  way.     :Minerals  which 

'Tainmann.    C.    Kristallisioron    uiul    Srhnifilzen.    190:?.    pp.    1S4.    140.    161. 
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have  an  ample  supply  of  material  generally  are  elongated  and  grow 
out  fastest  in  the  direction  of  cleavage.  If  there  are  two  cleavages 
concerned,  the  direction  of  elongation  is  most  likely  parallel  to 
their  intersection.  That  this  is  not  the  only  factor  concerned,  how- 
ever, and  that  the  mutual  attractions  of  various  crystal  atoms  and 
molecules  play  a  part  is  vshown  by  the  fact  that  crystals  have  dif- 
ferent fonns  when  crystallizing  from  different  solutions  and  that 
minerals  which  have  very  poor  cleavage, — for  instance,  quartz — 
very  often  have  a  marked  tendency  to  elongation.  However,  it  is 
so  generally  true  that  we  may  rely  on  it  with  some  confidence  that 
crystals  which  form  rapidly  with  an  ample  supply  of  nourishment 
are  elongate.  This  is  particularly  characteristic  of  the  feldspars. 
Near  the  margin  of  a  flow  the  very  small  and  minute  feldspars  of 
the  so-called  microlitic  and  trichitic  texture  are,  as  will  be  seen 
from  the  measurements  given  in  the  Isle  Koyale  section,  perhaps 
five  to  ten  times  as  long  as  they  are  broad,  and  in  such  feldspars 
the  elongation  is  often  i>arallel  to  both  of  the  cleavages.  In  the 
coarser  feldspars,  elongation  is  likely  to  be  more  than  three  times 
•  that  of  the  breadth  and  the  form  is  more  that  of  a  tablet.  It  is 
true  also  of  the  augite  that  even  in  the  grains  which  form  the  last 
interstitial  patches  there  may  be  often  discerned  a  distinct  tend- 
ency of  elongation  parallel  to  the  vertical  axis  and  to  the  cleavages. 
Now,  obviously,  if  the  different  individual  grains  of  a  mineral  are 
idiom  Orphic  and  not  interfered  with  by  others  their  size  in  different 
directions  must  depend  very  largely  upon  this  velocity  of  crystal- 
lization. This  velocity  of  crystallization  is,  however,  in  some  cases 
at  least,  not  independent  of  the  temperature  itself.  Apparently 
it  increases  as  the  temperature  falls  below  the  temperature  of 
saturation  or  fusion  and  attains  a  constant  maximum,  some  five,  or 
according  to  Doelter's  idea,  twenty  or  twenty-five  degrees  below 
the  fusion  point.  According  to  Tammann,  however,  the  velocity 
is  really  greatest  at  or  close  to  the  fusion  point  and  the  power  of 
crystallization  would  be  greatest  were  it  not  for  the  heat  given 
at  the  latent  heat  of  fusion,  which  raises  the  temperature  and  thus 
checks  the  action.  If  this  heat  could  in  some  way  be  conducted 
away  then  the  viscosity  wiould  steadily  increase  and  the  velocity 
of  crystallization  decrease  continually  below  the  temperature  of 
saturation. 

This  velocity  of  growth  must  depend  upon  the  rate  at  which 
molecules  can  be  drawn  in,  and  this  in  turn  must  be  diminished 
by  the  viscosity, — the  internal  friction  of  a  fluid.  The  viscosity 
of  a  fluid  is,  indeed,  measured  in  just  this  way,  by  the  velocity 
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watli  whicli  steel  balls  will  move  through  it  drawn  down  by  the 
attraction  of  gravity. 

We  may  look  at  it  another  way.  The  temperature  of  a  body 
depends  on  the  mean  velocity  of  its  molecules.  As  the  tempera- 
ture falls  a  smaller  and  smaller  number  of  molecules  then  will 
in  a  given  time  pass  on  their  paths  within  the  range  of  a  growing 
crystal  where  they  will  be  added  to  it.  Tammann's  experiments^ 
shoAV  that  the  crystals  formed  while  the  solution  was  only  one 
degree  to  five  degrees  below  the  saturation  or  fusion  temperature 
were  larger  and  less  elongate,  and  bounded  by  more  different  cr-^- 
stal  forais  so  as  to  give  on  the  whole  more  nearly  equal  dimensions ; 
that  from  five  to  thirty  degrees^  beneath  the  melting  point  they  be- 
come more  [jrismatic  and  are  more  regularly  arranged  with  reference 
to  the  direction  of  growth  and  cooling.  At  lower  temperatures 
yet,  they  tend  to  enclose  glass  and  become  forked.  This  has  a 
direct  importance  to  us  for  we  may  infer  regarding  the  augite 
patches  in  the  ophitic  texture  that  since  they  are  so  equant  in  form 
they  were  formed  before  the  magma  fell  much  below'  the  crystal- 
lizing temperature  and  therefore  in  a  very  limited  range,  while 
on  the  other  hand  the  extremely  microlitic  forms  of  some  feldspar 
crj'Stals  near  the  margin  suggest  at  once  that  there  wias  a  consider- 
able undercooling  of  the  magma  before  they  w^ere  formed. 

The  crystallization  of  any  molten  rocks  or  solution  is  due  to  a 
change  in  conditions.  In  the  igneous  rocks,  as  the  name  implie?. 
loss  of  heat  is  the  important  factor.  Eut  as  we  have  said  it  is  not 
the  only  one.  Change  of  pressure  is  another.  Loss  of  some  ingred- 
ient promoting  fluidity  like  the  evaporation  of  water  from  solution 
is  another.    Such  an  ingredient  is  known  as  a  mineralizer. 

We  may  remember  the  three  factors  as  T.  M.  P.,  not  temperature 
alone,  but  temperature,  mineralizers  and  pressure.  When  we  wish 
to  emphasize  the  conjoint  effect  of  the  first  two  factors  we  speak  of 
aqueo-igneous  fusion. 

The  etfect  of  loss  of  pressure  may  be  greatest  by  indirectly  prom.ot- 
ing  the  loss  of  mineralizing  gases. 

It  may  be  proved  experimentally  and  theoretically  that  the  slower 
the  loi-:s  the  coarser  the  grain,  and  in  particular  the  slower  the 
cooling  the  coarser  the  grain.  And  it  may  also  be  shown  that 
the  less  the  droji,  that  is  the  less  the  difference  in  conditions  between 
those  of  crystallization  and  those  of  the  country  rock  toward  which 
the  molten  mass  is  ccsoling,  the  slower  the  cooling  and  lieiicc  other 
things  being  eijual  the  nearer  the  country  rock  is  to  melting  the 

'■'Krisliillisieron    und    ScIuiiiOzen. 


152 


KEWEENAW    SERIES    OF    MICHIGAN. 


coarser  the  grain.  Examples  of  slow  or  slight  change  of  conditions 
and  coarse  grain  are  rock  candy  and  rock  veins.  Pegmatite  must 
be  another.  Agate  cavities  have  walls  lined  with  relatively  rapidly 
precipitated  silica.  Often  at  the  center  is  quartz  in  larger  crj^stals, 
more  slowly  formed  as  the  supply  became  slower  and  slower. 

Diffusion  and  loss  of  gases  or  mineralizers  follow  laws  like  those 
which  apply  to  the  loss  of  heat.    The  fundamental  principle  is  that 


Fig.  18.  Curve  showing  cooling  of  lava  sheet  and  heating  of  a  contact  zone  sup- 
posed to  be  one-fourth  the  breadth  of  the  lava  sheet  on  either  side.  The  abscissa 
(x)  represents  the  time,  the  lapse  of  which  is  measured  from  left  to  right.  The 
temperature  for  different  times  is  given  by  a  series  of  curves  for  a  number  of  points 
equally  spaced  from  the  center  of  the  flow  to  the  margin  of  the  contact  zone  which 
is  supposed  not  to  be  heated  at  all.  It  will  be  noticed  that  outside  the  curve  for 
the  margin  where  the  temperature  begins  half  way  between  the  initial  temperature  of 
the  contact  zone  (which  is  taken  as  zero)  and  the  initial  temperature  of  the  lava 
sheet,  the  curves  first  rise  (as  the  contact  zone  heats  up)  and  afterward  fall.  The 
diffusivity  is  supposed  to  be  constant  and  in  getting  the  scale  of  time  from  the  curves 
found  as"  functions  of  (q1  the  total  l)readth  (c)  was  assumed  as  100  feet  and  the 
diffusivity  (a-)  as  400.  These  curves  may  be  considered  as  contours  of  a  surface 
which  would  rei)resent  the  connection  between  temperature  (v)  time  (t)  and  posi- 
tion (xi.  There  is  also  given  in  dots  a  curve  representing  the  variation  of  h  (see 
text)    Willi   the   temperature   for   early   times   when   it   is   independent  of  the   time. 
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if  there  is  at  a  given  point  a  change  of  state  (for  instance,  loss  of 
temlperature)  in  time  there  must  be  not  merely  a  steady  floNV,  as 
much  transmitted  as  received,  but  an  accelerated  flow  or  change 
in  space,  the  amount  transmitted  being  increased  over  that  received 
by  the  amount  lost." 

The  general  principles  have  been  better  expressed  by  Wright  in 
the  rei>ort  for  1908  than  I  can  phrase  them. 
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Fig.  10.  Shows  the  cooling  of  the  same  igneous  sheet  as  Figure  18  with  the 
temperatures  as  ordinates  but  the  distance  as  abscissa,  the  curves  being  given  for 
different  epochs  of  time  not  equally  spaced.  It  may  thus  be  considered  as  a  view  of 
the  same  surface  as  Figure  18  looked  at  from  the  right  hand  side.  There  are  also 
lines  showing  the  effect  of  varying  diffusivity.     See  text. 

The  cun'es  showing  the  temperature  at  any  given  time  of  an  in- 
definite cooling  sheet  placed  between  two  others  which  are  allowed 
to  heat  up  but  kept  at  constant  temperatures  outside  can  be  plotted 
without  any  serious  difficulty  if  we  suppose  diffusivity  to  be  con- 

"In  mathematical   notation  this  statement  becomes 
du/dt=a-   d= — u/dx- 
where  a^'   is    really   a    function  of  u   and   x  and   t   but   is   generally    taken   as   constant 
:tpd  called  the  diffusivity.  ' 


154  KEWEENAW    SERIES    OF   MICHIGAN. 

stant.  Such  curves  I  have  given  anioug  other  places  in  the  Isle 
Royale  report  (Vol.  VI)  and  in  the  annual  I'eport  for  l^^y.^  for 
three  different  widths  of  the  outside  sheets."  In  this  report  I  give 
a  slightly  different  set  showing  the  cooling  in  case  the  outside  sheet, 
the  belt  supposed  to  be  heated  at  the  margin,  is  one-fourrli  of  the 
total  thickness  of  the  hot  sheet  of  rock  and  one-sixth  of  the  total 
thickness  supposed  to  be  affected.  To  show  the  connection  between 
the  three  variables,  temperature  (v),  the  position  in  the  sheet  and 
its  distance  from  the  margin  (x)  and  the  time  (t)  requires  really 
a  surface  which  may  be  represented  by  contour  lines  and  in  Figure 
18  and  Figure  19  I  have  given  two  views  of  the  surface,  one  in 
which  the  abscissa  is  the  time  and  the  ordinate  the  temperature 
and  the  contour  curves  are  equally  spaced  distances  from  the  center 
of  the  flow.  In  the  second  figure  the  abscissa  represents  the  dis- 
tance from  the  center  of  the  flow  and  the  ordinate  the  tempera- 
ture as  before  while  the  curves  represent  different,  not  cquulhj 
spaced  epochs  in  the  cooling. 

§  4.      CRITICISMS. 

Now  a  perfectly  fair  criticism  has  been  made  upon  my  work  by 
Doelter**  and  Harker,^  viz.,  that  I  have  considered  in  my  work  on 
the  theory  of  the  variation  of  coarseness  of  grain  mainly  the  dif- 
fusion of  heat,  that  I  have  assumed  the  diffusivity  constant  and 
have  neglected  the  importance  of  such  weighty  factors  as  the  under- 
cooling and  the  efl'ect  of  the  gi^ang  out  and  absorption  of  latent 
heat  which  I  have  just  mentioned.  It  will  be  found,  however,  that 
in  my  very  first  paper  I  noted  the  fact  that  the  theory  was  incom- 
plete and  I  have  always  found  in  practical  applications  that  con- 
siderable corrections  were  due  to  other  factors  than  those  which 
had  been  mathematically  treated  and  yet  it  is  always  necessaiy  in 
any  problem  in  physics  to  do  just  this, — to  assume  an  ideal  state 
of  affairs  much  more  simple  than  the  real  and  then  little  by  little 
as  one  finds  variation  in  the  real  from  the  ideal  to  try  to  apply 
the  necessary  corrections.  I  have  found  in  the  augite  of  the  lime 
melaphyres  or  ophites  and  in  many  other  cases  agreement  enough 
with  the  numerical  theory  to  make  it  of  practical  and,  as  I  believe, 
scientific  value. 

As  to  the  disturbing  effect  of  undercooling  and  the  latent  heat 
given  out  in  crystallization  there  are  certain  factors  which  may 

Hn    the    curves    flgured    by    Queneau     and     copied     unfortunately     by     Iddings     the 
abscissas  are   not  proportionai  to  the  time,  but  to  a  function  thereof. 
Tetrogpnesis,   p.    45. 
"Natural    History   of   the    Igneous   Rocks,    pp.    219-221. 
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diminish  its  importance.  One  is  that  the  rocks  are  composed  of 
different  minerals  so  that  the  effect  is  distributed  at  various  tem- 
peratures. Another  is  that  some  of  them  crystallize  quite  slowly 
even  when  undercooled  so  that  the  giving  forth  of  heat  by  the 
latent  heat  of  crystallization  is  distributed.  With  regard  to  the 
very  last  mineral  crystallized,  the  augite  of  the  ophites  say,  a 
large  portion  of  the  rock  may  be  already  solidified  and  so  only 
a  very  small  quantity  be  crystallizing,  the  heat  of  which  mil  be 
absorbed  by  the  whole  rock,  thus  diminishing  and  diluting  its  effect. 
The  effect  produced  can  be  studied  experimentally.  Compare  the 
curves  of  cooling  plotted  by  Vogt." 

§  5.      ALLOWANCE    FOR    VARYING    DIFPUSIVITY. 

As  White  has  remarked,  the  effect  of  crystallization  can  largely 
be  allowed  for  by  assuming  that  the  diffusivity  is  not  constant. 
This  we  know  is  the  case  anyway.  The  diffusivity  of  a  rock  changes 
with  the  temperature.  The  change  is  ordinarily  not  very  great 
during  the  important  range  except  in  case  of  ciystallizatiou.  In 
this  case  it  is  and  may  be  infinitely  little.  Now  if  we  take  the 
equation  du/dt=a=^  (d-u/  (dz)-)  and  assume  a  to  be  constant  and 
compare  it  with  another  equation  du/dt=f(u)  (d-u/(dx))  we  can 
use  the  solution  of  the  fii-st  for  the  second  if  we  will  take  the  suc- 
cessive values  of  x  so  that  f  (u)/a^=(dx)-/(dz)-,  that  is'  to  say, 
if  we  cut  up  the  body  into  a  series  of  layers  parallel  to  the  margin 
each  offering  the  same  resistance  to  diffusion  of  heat.  These  ^ill 
not  be  of  equal  thickness  at  different  temperatures,  nor  will  the 
total  number  in  a  given  thickness  of  dike  be  constant.  But  sup- 
pose we  try  to  find  the  connection  between  these  layers  and  their 
thickness  and  the  temperature  and  the  position.  For  this  purpose 
we  may  take  the  figure  (19)  in  which  curves  for  the  equation  with 
a  constant  diffusivity  are  shown  with  the  distance  from  the  center 
and  the  temperature  (x  and  t,)  as  abscissa  and  ordinate.  Let  this  be 
the  solution  for  z.  At  the  initial  temperature  divide  off  the  scale 
of  X  into  a  number  of  equal  indefinitely  small  parts,  BD=dx=dz, 
when  u=v=l  and  at  this  temperature  they  will  all  represent  the 
same  diffusivity  and  the  same  distance  and  the  same  width  of  suc- 
cessive layers  offering  the  same  resistance  to  the  flow  of  heat.  But 
as  the  temperature  falls  the  diffusivity  will  change  and  if  we  con- 
nect each  of  the  points  at  the  top  (e.  g.  D)  with  points  like  E  rep- 
resenting the  breadth  of  a  layer  having  the  same  diffusivity  as  the 

i»Silikatsfhraelzlosunp;en,  Pt.  IL  PI.  1  and  4 ;  Fig.  IV.  See  also  e.  g.  Figr  r2  of 
Day  and  Alien  on  the  "Isomorpliism  and  Thermal  proi>erties  of  the  feldspar  showing 
the"  di.stril)Ution   of   heat   ahsorption    in   melting  orthoelase. 
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initial  layer  (BD)  the  ordinate  curves  instead  of  being  straight 
lines  and  parallel  to  tlie  vertical  axis  will  vary  as  DEF  shown  in 
the  figure  and  will  give  us  then  the  corresponding  thickness. 

If  then  we  take  our  uz  curv^es  for  the  solution  of 
du/dt=--a-  (d"u/du-) 
and  for  each  point  with  a  given  temperature  t  shift  the  abscissa 
over  as  given  by  the  zx  curve  we  should  have  a  series  of  cui'ves  to 
solve  the  equation  du/dt^f(u)  (d-u/dx-)  that  would  be  fairly  sat- 
isfactory, did  we  but  know  f(u)  and  were  that  fairly  uniform, 
but  for  the  fact  that  in  solting  du/dt=a-d-u/dz-  cnid  getting  these 
curres  ice  have  to  use  unailiari)  equations  lohich  involve  the  scale 
of  X  and  if  ice  suppose  it  to  vary  ir.e  suppose  also  to  vary  there- 
with the  hreadth  of  the  dike  and  its  contact.  It  is  only  then  in 
initial  cooling  where  the  breadth  of  the  dike  is  not  imjiortant  and 
no  other  factor  involving  linear  dimensions  but  x  and  a  comes  in 
that  this  method  could  be  used.  We  have  been  using  practically 
a  variable  scale  of  distance  and  thickness  that  implies  that  the 
thickness  and  width  of  the  igiieous  mass  and  contact  zone  will  be 
variable  from  time  to  time  and  temperature  to  temperature.  This 
method  of  solution,  therefore,  is  not  sound  and  can  only  be  looked 
to  in  early  cooling  (and  linear  increase  of  grain)  for  cases  in  which 
the  size  of  the  mass  or  contact  is  of  little  importance,  that  is  for 
crystallization  which  takes  place  before  the  center  has  cooled.  More- 
over, we  know  ver>'  little  about  the  diffusivity  as  a  function  of  u. 
At  present  and  for  this  repOrt  all  we  need  is  to  note  that  the  tend- 
ency of  decreased  diffusivity  is  to  crowd  the  curves  of  Fig..  19  into 
the  corner. B  and  that  if  augite  (the  last  mineral  consolidated)  in- 
creases in  grain  clear  to  the  center,  much  of  the  crystallization  must 
have  taken  place  in  this  early  time. 

The  mathematical  investigation  is  therefore  of  real  importance, 
but  may  be  skipped  over  lightly  by  those  not  esjiecially  interested 
so  that  they  may  come  to  the  conclusions,  at  the  end  of  the  chapter. 

§  6.      MATHEMATICAL    TREATMENT. 

General  Formulae  for  Rock  Grain. 

Marginal  Temperature  Fixed. 

In  an  injected'sheet  of  uniform  temperature  and  diffusivity  whose  walls  are  kept 
Tit  a' fixed  temperature  the  temperature  may  be  expressed  in  two  kinds  of  series, 
one  of  definite  integrals  of  the  probability  integral  type,  the  other  the  ordinary' 
Fourier  series  terms;  the  former  most  applicable  at  the  early  stages  of  cooling,  the 
latter  in  the  later  stages  of  cooling,  i 

Curves  showing  the  manner  of  cooling,  at  first. fast  at  the  margin  and  slow  at  the 
center,  then  later  slow  at  the  margin  and  faster  at  the  center  are  given  in  Figure  20. 

'See   Byerly.    "Fourier's   Series."    articies  40-.")0  ;  annnai  report  for  1903.  p.  210  (mis- 
I)rlnts   corrected  liere)  ;   and  A.   L.   Queneau.   Am.    Jour.    Sci.,   1902,  p.   393. 
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CURVeS  OF  COOUNG-MARGIH  TEMPERATURE  CONSTANT 

Fig.  20.  This  shows  the  cooling  of  an  igneous  sheet,  the  margins  of  which  are 
kept  at  a  constant  temperature,  taken  as  0"  and  represented  by  the  bpttom  line  of 
fhe  diagram.  The  temperatures  are  represented  by  ordinates,  and  three  different 
sclles  of  temperature  are  given,  corresponding  to  different  values  of,  the  mtial  tem- 
perature. The  main  scale  at  the  left  is  the  same  as  used  in  the  Isle^  I^>yale  repoit^ 
To  the  ri^ht  is  the  scale  if.  as  is  assumed  by  Queneau,  u^=^8862,  ana  also  ii  me 
initial  temperature  of  the  igneous  sheet  (that  .is,  its  excess  of  temperature  over  the. 
surroindmri-ock7  is  taken  ^t  1.  The  abscissas  to  the  right  represent  the  lapse  of 
time,  ^he  main  scale  at  the  bottom  being  proportional  to  dec.  log.  q  and  r.  a^a  ±?e 
scalls  above  bein?  proportional  to  m.  and  q,  whxh  are  defined  >  ^  the  texU  Curve. 
for  twelve  equidistant  points  from  center  to  margin  are  in  full  1^°^^^^^°! '?^.^?S 
lines  two  curves  still  closer  to  the  margin,  one  twenty-fourth  and  one  to^ty  ei.htn 
of  the  distance  to  the  center  respectively  Also  for  <;"i^es  12.  4,  and  -  we  md  cate 
bv  dashes  the  points  where  the  curves  of  approximate  solutions  (obtained  b>  using 
thp  first  terms  onlv  of  eauations  1  and  2)  leave  the  curve  which  we  have  taken 
thim  to  repr^Ient"^  This  shows  the  error  which  we  make  in  using  such  approx.ma- 
tions. 
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q  sin  w  x/c  +  -^  sin  3  ir  x/c  -f  ^  sin  o  ir  x/c  - 


\vhere : 

u  is  the  temperature  after  a  certain  time  (t); 

Uo  is  the  initial  temperature; 

t  is  the  time  from  the  beginning  of  cooHng; 

X  is  the  distance  from  the  margin; 

c  is  the  thickness  of  the  flow; 

a  -  is  the  diffusivity, 

m  =  x/2a.- '  t  =  X  m^/c 

nio  =  c/2a..  I  t  =  c  m/x 

nat  log  q  =  —  -n-saac-n  =  (■tr/2mo)2 

P     =  A  r  "'  _  „,2dm  is  the   probability   integral  of  which   there  are   numer- 

ous  tables.     The  report  for  1903  and  Johnson's  -Theorj'  of  Errors"  contain  them. 
IT  =  22/ 7  =3.1416 
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Formula  (1)  is  the  Woodward-Queneau  formula  and  converges  most  rapidly  at 
early  times  and  near  the  margin  when  mo  is  greatest. 

Pm  varies  but  little  from  1  if  m  is  much  over  2,  and  for  the  center  cooling 
that  means  if  m^  >  4. 

Formula  (2),  which  I  used  in  the  Isle  Royale  report^,  converges  much  more 
rapidly  for  large  values  of  t  the  time  or  q.  When  formula  (1)  ceases  to  give  a  result 
approximate  to  the  third  decimal  place,  a  couple  of  terms  of  formula  (2)  will  usually 
give  it.  The  linear  grain  will  be  expressed  by  the  fomiula  (where  k  depends  on  the 
power  of  crystallization  of  the  mineral  under  the  given  conditions  and  will  be  as- 
sumed independent  of  the  temperature  and  time,  except  as  later  provided) : 

(3)  g  =  kV4^  • 

^  du 

For  ordinary  igneous  magmas  where  probably  according  to  Doelter  du  is  often 
not  over  40°  and  Uq  and  u  are  to  be  reckoned  in  hundreds  of  degrees  dt  and  du  may 
be  treated  by  the  infinitesimal  calculus  or  that  of  finite  differences. 

In  any  table  of  the  values  of  u  in  the  terms  of  x  and  t,  such  as  are  given  in  the  re- 
port for  1903,  we  find  the  ratio  dt:  du  as  the  quotient  of  the  corresponding  conse- 
cutive differences  of  argument  and  functions  respectively,  for  the  same  value  of  x. 

We  deal  with  the  partial  derivative  of  t  relative  to  u,  x  being  supposed  con- 
stant, that  is. 

A  glance  at  equation  (2)  shows,  what  is  not  so  clear  in  (1),  that  it  is  only  the 
ratios  u  /  Uq,  x  /  c  and  a  /  c  which  are  involved  in  determining  t,  moreover  our 
tables  are  not  constructed  directly  with  t  as  an  argument,  though  u  /  Uq  is  the  func- 
tion. I  found  it  convenient  to  express  (3)  otherwise  and  introduce  instead  of  t 
a  variable  h  (and  m)  where 

>'-d(u/uJ/(u/uj3 
Then  (3)  may  be  written  * 

c    k  X  1 

(5)       g  =  y=    .     —     .     , 

^         av/uo  «^  \\V  -2  (u/u  J  3 

The  advantage  of  doing  this  is  that  h  proves  to  be  a  rather  peculiar  function  of 
u,  X  and  t,  in  that  it  is  for  quite  a  range  of  temperatures  close  to  .8863  ='Y ' 

for  a  wider  range  is and,  especially  for  early  times  before  the   center  has 

cooled  when  u/Uq  is  practically  Pm,  is  independent  of  x,  and  its  values  are  given 
by  the  following  table,  corrected  from  that  in  the  report  for  1903  in  which  a  line 
unfortunately  slipped  out. 

-See    Byerly,    Fourier's    Series,    Article    60.  ex.  1. 

*The   steps  are   somewhat   more  fully  given,  in   the  report   for  1903. 
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Values  of  h  Before  Center  has  Cooled. 


,  lm3Dmu/U(. 


0  0  Vr./4: 

1195  .1  .8863 

0007  .2  .88 

.3286  .3  .88 

.4284  .4  .88 

.5205  .5  .88 

.6039  -6  .87 

.6778  .7  .87 

.7421  .8  .86 

.7968  -9  .85 

8427  1.0     .  .83 

.8802  1.1  -80 

.9103  1.2  .78 

.9340  1-3  .75 

.9523  1.4  -70 

.9661  1.5  .67 

.9763  1-6  .64 

.9838  1.7  .55 

.9891  1.8  .49 

.9928  1.9  .45 

.9953  2.0  .39 

1.0000  infinity  00 


.  In  Fig.  IS,  a  curve  is  drawn  giving  h  when  it  is  a  function  of  u/u^  only  (for  early 
times)  by  the  aid  of  which  curves  of  relative  coarseness  of  grain  may  be  obtained 
readily  for  various  positions  and  temperatures  up  to  the  time  where  the  tempera- 
ture at  the  center  drops  off. 

The  curves  of  grain  are  best  located  by  their  tangents  and  values  at  critical  points. 
At  the  margin 

k  1  1 

(6)     g  =  C'x  where  C  =  — 7=   •    -j—   ~y-=======. 

aVUo  "     v'2  (u/u°)3 

and  C  is  the  rate  of  increase  at  the  margin, — something  that  may  be  observed. 

The  grain  at  the  center  (E)  we  most  readily  find  from  equation  (2).     If  there  is  a 

belt  of  uniform  grain,  (as  I  remarked  in  the  Isle  Royale  report)  Dt   --—  is  a   func- 

tion  of  u  not  varying  with  varying  x.     This  can  be  only  if  in  (2)  the  expansion  for 

—  is  practically  confined  to  the  first  term.     For  the  differentiation  of  (2)  gives 


u 


(7)      Jl-  Dt  u  =  sin  ;rx/c  (Dt  q  =  —  7r=a=c  -^q)     -     -     - 
4Uo 

=  —  ;:  -a  -c  -2  -/4  u/Uo  if  terms  after  the  first  are  neglected. 
This  will  be  the  same  for  a  given  value  of  u  regardless  of  x,  and  from  (3)  we  find 
—  writing  E  for  g  and  substituting  (7) 

c  k  1  c  k 

E  then  should  really  vaiy  between  the  value  of  g  derivetl  from  Eq.  6  if  the  increase 

C'c  c  k  1  1 ,    ,  , 

kept  up  to  the  center,  that  is     ^  =   r,o  / —  •  "vT  •     /--.  ,    ,     x~   '"^'^  «"t'  '^'^i'"^ 
^       '  '  2  2ayUo  "       ^^  (u/Uo)^ 

just  found  in    (S)   which  does   not   depend    upon   the   initial  temperature  u^.     The 
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ratio  of  these  two  is  also  the  ratio  of  the  distance  from  the  margin  at  wliich 
the  grain  would  be  equal  to  that  at  the  center  if  the  marginal  increase  kept  up 
(which  we  may  call  the  belt  of  marginal  increase)  to  the  distance  from  the  margin  to 
the  center.     It  is 

E  h  \/^ 

(9)  -pr-. — ;--  =  — ^— =^  =  about  .4  to  .5  of  u/Uo  when  the  width  of  the  contact 

C  c/2       .     TT  Uq/u 

zone  is  inappreciable. 
Cf.    Figure  21  below. 

Marginal  Temperature  Not  Fixed. 

When  we  come  to  consider  the  case  that  the  sheet  is  supposed  to  have  heated  a 
contact  zone,  a  formula  which  we  found  in  the  Isle  Royale  report  enables  us  readily 
to  construct  the  cur\'es  of  decreasing  temperature,  which  are  shown  in  Figures  18 
and  19. 

This  formula  is  as  follows: — If  v  represents  the  temperature  at  a  time  t  of  a  point 
at  a  distance  of  z  from  the  center  of  a  sheet  the  thickness  of  which  is  2w  with  a  con- 
tact zone  of  breadth  y  on  either  side,  so  that  the  whole  zone  affected  or  c  is  equal  to 
2w+2y.  then- 
CIS)  V  =  ^  (Uw  +  Z  +  uw-z) 
where  Uw  +  z  is  the  temperature  which  would  exist  at  the  same  time  t  after  the 
beginning  of  cooling  and  conditions  otherwise  the  same  (except  that  its  margins 
are  kept  at  a  constant  temperature)  in  a  sheet  whose  thickness  was  equal  to  c  at  a 
distance  of  w  +  z  from  the  margin  and  Uw-z  is  the  temperature  at  a  point  at  a  dis- 
tance of  (w-z)  from  the  margin  in  the  same  sheet.  Or  if  (w-z)  becomes  negative — 
that  is,  the  point  lies  in  the  contact  zone — we  must  assume 

(14)     uw-z  =  — Uz-w  (in  the  contact) 
Now  if  we  let  x'  be  the  distance  of  the  point  in  the  sheet  with  a  contact  zone  from  the 

c 
margin  of  the  sheet — that  is  x'=  —  —  z  —  w 

(15)      V  =  §  (u  x'  +  2  y  +  u  x') 

Thus  we  can  obtain  the  curves  of  these  figures  either  graphically  (very  rapidly) 
or  by  taking  means  of  appropriate  rows  of  the  table  of  solutions  of  the  case  where 
the  margin  is  kept  at  a  fixed  temperature,  a  table  which  is  given  in  the  Isle  Royale 
report  for  an  initial  temperature  of  .7854,  and  in  the  report  of  1903  for  the  initial 
temperature  of  1. 

Thus  expressing  the  grain  of  the  sheet  with  a  contact  zone  y  on  each  side  as  a 
certain  function  g  (  )  of  x'  measured  from  the  outside  of  the  contact  zone,  of  v  the 
temperature  of  crj^stalhzation  of  u^  temperature  of  injection,  of  y  the  width  of  the 
contact  zone  and  of  k,  which  may  represent  such  factors  supposed  to  be  invariant 
as  diffusivity  and  power  of  crj'stallization,  we  may  proceed  to  locate  curves  of  rela- 
tive coarseness  of  the  grain  by  their  values  and  tangents  (rates  of  change)  at  certain 
important  points. 

At  the  Cexter. 

Here 

(10)  V  =  Uu-  whence  we  have 

(11)  Center  grain 

g  (k,  x'  ==  c  /2,  V,  Uo,  y,  c)  =  g  (k,  X  =  w,  Uw,  u^,  y  =  o,  c.) 
The  expression  for  the  grain  at  the  center  will  be,  then,  like  Eq.  3. 


PLATE  VI. 

Typical  ophitic  drill  cores.  Photographic  plate  after  Annual  Report  for  1904, 
Plate  XVII. 

The  cores  are  arranged  with  that  nearest  the  bottom  at  the  extreme  left,  as  follows: 
20620,  20619,  20618,  20617.  Depth  in  drill  hole  250,  232,  202  and  172  feet.  Dis- 
tance from  margin  at  257  feet,  4,  13,  28,  43.  Apparent  grain  0.5  to  1,  1  to  2,  2  to  3, 
3  to  4  mm.     Thin  sections  1.5  to  .74,  2  to  1.34,  3  to  2.8,  4.5  mm.     20618  analyzed. 
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Annual  Report  for  1909.     Plate  VI 
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232 
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APPROXI.MATK    DISTANCK    FROM    MARGIN,    IN    FEET: 


13 


28 


72 


43 


LUSTER-MOTTLING  IN  DRILL  CORES  OF  OPHITES 
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If  the  cooling  has  gone  on  so  fur  that  there  is  a  belt  of  constant  grain  at  the  middle 
(nio  <  2.5  practically)  then  by  Eq.  (8). 

c  ,  ,        T-i  ck  ck 

(12)  g   (k,  X  =    —  or  x'  =  W,    U,  U^,  y,  C)   =  Jb  =  r^rr ,  =  7=r 

The  grain  does  not  depend  on  the  initial  temperature,  only  on  the  difference  be- 
tween the  temperature  of  crystallization  and  that  of  the  country  rock,  being  greater 
tne  less  this  is. 

At  the  Margin. 

{Consolidation  temperature  nearer  that  of  country  rock.) 
Here. 

(13)  V  =  i  Ug^.  whence  we  find  that  the  grain  at  margin,  if  u  <   Uo/2  is, 

(14)  g  (k,  X  =  y  ,  V,  Uo,  y,  c)  =  ^2"  g  (k,  2y,  2v,  u^,  o,  c). 

If  u/Uq  is  so  low  that  this  value  falls  in  the  second  period,  i.  e.,  nio  <  2.5,  and 
the  grain  is  that  of  the  belt  of  central  grain  as  in  (12) 

(15)  g   (k,  x'  =y,   V,  u„  y,  c)    =  -^  .  ^^_ 

Comparing  equation  (14)  and  (15)  with  (11)  and  (12)  we  infer  that  if  the  tem- 
perature of  consolidation  is  low  enough  the  grain  may  be  the  same  from  center  to 
margin.     Otherwise  it  may  be  shown  to  be  coarser  at  the  margin  if  u  <  Uo/2. 

(Consolidation  temperatxire  nearer  that  of  injection.) 

Inasmuch  as  v  =  1  /2  U2y  at  the  margin,  so  long  as  u,^.  has  not  dropped  from 
Uq,  V  will  be  equal  to  Uo/2.  During  this  time  the  cooling  Ayill  be  as  though  the 
temperature  at  the  margin  were  fixed  at  0.  It  will  be  the  same  ■  as  that  of  a 
sheet  of  constant  marginal  temperature  (which  is  taken  as  0)  of  which  the  initial 

temperature  will  be  Uo/2  and  u  will  be  v --.     The  expression  of  grain  in  terms 

of  the  ratio  u/u^  we  must  change  accordingly. 

(16)  g  (k,  X  =  x'  +  y,  V,  Uq,  y,  c)  =  g  (k,  x',  v  —  ^  '  ^  0,  2w),  where  2w  = 

c — 2y  and  going  back  to  equations  (5)  and  (6)  we  find 
k  x'         '  v'2 

'^Vu„      ,/  .2u 


h'V2(^-l 


Where  h'  stands  in  the  same  relation  to  -:i^ —  '   ~ 1  as  h  to  — —  and '  i.  e.,  h' 

2w        Uq  c  Uo 

x' 

is  for  ])oints  close  to   the  margin  crystallized  in  early  times  independent  of  ^^ ' 

(this  will  be  true  for  the  linear  rate  of  increase  of  grain  at  the  margin)  and  w'hile  it 

2v  2v 

depends  on r  1  it  will  vary  only  between  .7   and  .87  if  —  —  1   is  less  than 

.90)6,  i.  e.,  —    is  •;'  .983.     That   is   unless  the   crystallization  is  practically  coinci- 

dent  with  the  consolidation   h'   is   roughly  constant,   until   the   center  has  cooled 
appreciably. 

21 
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(18) 


■*■  2v 

!     d  —  —  1 

Uo  

in  which  t   as  a    function   of  - —   and   -^  —  1  and  M^  =  i —  ^  "^  ^     must    be 


taken  from  a  table  like  Table  I,  Report  for  1903,  using  -^   for  the  distance, 

2\v 

—  —  1  for  the  temperature. 


Intermediate  Zone. 

The  curve  of  cooling  of  the  extreme  margin  thus  indicated  may  become  practically- 
coincident  with  a  curve  of  cooling  of  a  sheet  of  reference  with  width  c  and  fixed 
marginal  temperature  of  0.     If  that  is  so, 

(19)       V  =  i  U2.V  =  Uy' 

when  2y  represents  the  distance  from  the  margin  of  the  point  whose  cooling  is  rep- 
resented by  the  curve  of  cooling  of  the  sheet  of  reference  (Figure  20),  with  constant 
temperature  at  margin,  with  which  the  curve  of  cooling  of  the  margin  becomes 
coincident.  If  the  cooling  has  gone  so  far  that  it  can  be  represented  by  the  first 
term  of  Eq.  (2)  we  can  see  that  Eq.  (19)  can  be  true  and  that 

/••iw       Tt      \  Iq     .      TT  2v  ■      r.  v' 

(-0) =  — i  sm  ■ ^—  =  q  sm  — =— 

^       4     Uo  2  c  c 

gives  us  a  simple  trigometric  equation  to  solve  to  find  y' 

(21)     iLll  =  sin-l  \  sin  t:  -^^L 
c  c 

But  we  also  see  that  if  y  is  so  small,  that  is,  the  contact  zone  so  small,  that  sin  2 
TT  y'  /  c  is  proportional  to  2  ;r  y  /  c  then  y'  will  be  the  same  proportional  to  y,  and 
more  generally,  if  it  is  so  small  that  sin  n  tt  y  /  c  is  proportional  to  n  r  y  /  c,  to 
the  number  of  terms  of  Eq.  (2)  covered  by  n  will  y'  be  proportional  to  y  and  eq 
(19)    be  true.      Not   only  that,   but  in  equation  (1)  if  v/Uq  =  P       ,     ,  and  if 


2al/t 


r,  /     is   nearly    proportional   to  — ^  _  which  it  is  if  —  <C  .33,  then  to  the  same 


2av/t 
extent  will: 


2aV  t 


^2.V    1       r/^nncfont    V    ^  "^ 


(22)     -^—  =\"tJ±  =,    \    (constant  X  ) 


u°  -    ^  2al/i 

=  (constant  X)  — ^— - 
2al/  t 
and  V  =  Uy 
That  is  to  say  if  the   contact  zone  y  is  small  enough  so  that  2  v  =  U2y  becomes 
0.33  Uq  before  the  center  has  cooled  perceptibly,  or  the  marginal  temperature  becomes 
say  1  /  6  of  the  initial,  the  cooling  at  that  margin  will  be  the  same  as  at  a  corres- 
ponding point  of  the  sheet  of  reference  wliose  walls  are  kept  cold.     At  the  same 
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time  the  cooling  at  the  cetiter  is  the  same  as  that  of  another  point  in  the  reference 
sheet,  at  a  distance  —  —  y  from  the  wall.     The  cooling  on  two  planes,  center  and 

margin  being  the  same  as  on  two  planes  of  the  reference  sheet,  the  cooling  between 
must  be  the  same,  except  that  due  allowance  must  be  made  for  the  different  dis- 
tance apart  of  the  two  sets  of  planes.  The  distance  of  corresponding  planes  being 
thus  proportional  we  obtain  a  formula: 

(23)     g  (k,  X,  V,  u„  y,  c.)=  g  (k,  ^--y  +  y'    x'  +  y',  u,  u„  0  c)  =  A  x'  +  B 

c— 2y 

if  2  sin  y  TT  c  =  sin  2  y  ;r  c  nearly. 
At  the  center  (23)  reduces  to  formula  (11)  and  writing 

g  =  Ax'  +  B  and  the  expression  (k  c/a/^^  K  comparing  it  with  Eq.  (3),  and 
(5)  we  find 

(24)  A=^£L2y^'-  '  - 

c        c-2y        hv/2(u/uj3 

(25)  B  =  K  ^  • ^ 

c        hi/2(u/uj'' 

The  equation  (23)  is  the  equation  of  another  tangent  to  the  curve  of  grain  if  we 
consider  A  and  B  constant.  It  will  appear  in  the  case  of  small  contact  zones  at  a 
point  of  minimum  curvature. 

It  is  of  importance  as  the  rate  of  increase  A  is  most  characteristic  of  the 
Keweenawan  flows.  It  becomes  more  and  more  important,  and  represents  more 
and  more  of  the  curve  of  grain,  the  less  the  contact  zones  are  and  the  more  immediate 
the  crystallization. 

It  may  be  distinguished  from  the  other  tangent  to  the  curve  of  grain  by  the  fact 
that  it  does  not  give  a  0  grain  at  the  margin.     We  notice,  too,  that 

(26)      A  =y'.       ^-^y      =   y'  _^^  =  y'    _^^ 
A        ^     c-2y-2y'        ^    2w-2y'        "^      w-y' 

This  is  always  positive  unless  y  +  y'  >  1/2,  i.  e.,  unless  the  contact  zone  is 
greater  than  the  width  of  the  dike  >  c/4  on  each  side,  and  is  for  small  contact 
zones  practically  proportional  to  the  contact  zone. 

If  a  series  of  observations  of  grain  give  a  value  of  B  negative  or  verj'  small  it  is 
pretty  likely  that  they  refer  to  the  equation  y  =  C  x'  and  that  the  value  of  B  is  due 
to  the  errors  of  observation. 

Approximate  Formulae. 

If  we  make  certain  simplifications,  which  can  generially  be  done  without  ap- 
preciable loss  of  accuracy,  we  can  obtain  formulae  not  bad  to  handle  numerically. 

Assume  that  y  is  equal  to  y'  and  that  the  fraction    ^     •'  =  1.      This  we 

may  do  when  the  contact  zone  is  relatively  small.     We   will   also   introduce   h'  as 
before  and  call  v/Uq  ^/^  and  we  have  the  following  formula: 

(27).  C  =  K/ch'  (2V/Uo  —  l)e  =  K/ch'  (2/^.—  l)i.  As  K/c  =  k/aV"^  C 
is  independent  of  the  size  of  the  dike  or  the  contact  zone,  and  is  the  marginal 
rate  of  increase. 

(28)  A  =  K/ch(v/uJiv/2  =K/chfV2,  from  (24). 

(29)  B  =  KyV  ch(v/  uji^l/ 2  =  Ky'/  chf  =•  V^  2,  from  (25). 

(30)  E  =  K/ttV^v/Uo  =  K/7:f,  and  is  independent  of  initial  temperature. 
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From  (28)  and  (29)  we  can  determine  y',  the  effective  contact  zone,  which  is 
B/A. 

(3.)    y'  =  ^- 

If  y  comes  out  less  than  1/12  of  c,  we  may  be  sure  that  so  far  as  the  contact 
zone  is  concerned  our  approximate  solutions  are  close.  PVom  (28)  and  (30)  we  can 
find  c  in  the  terms  of  A,  E  and  K — that  is,  we  can  sometimes  by  observation  of  the 
grain  determine  the  thickness  of  the  dike  before  it  was  completely  penetrated  if 
from  a  general  knowledge,  or  from  Eq.  30  we  could  infer  f.  Moreover,  we  can  find 
f  in  the  terms  of  A,  E  and  c,  and  if  f '  does  not  come  too  near  to  unity  we  may  feel 
that  our  approximate  formula"  and  results  from  them  are  not  likely  to  be  far  out. 
We  can  also  find  K  in  the  terms  of  A,  E  and  c,  or  if  we  have  also  Eq.  (27)  we  can 
either  check  on  our  observations  or  get  along  without  c  or  some  other  factor.  From 
formulae  (27)  and  (28)  we  can  find  f  in  the  terms  of  C  and  A,  although  the  equation 
is  a  cubic.     It  is  quite  rapidly  solved  by  approximation.     We  can  then  find  K/c. 

Then  let  a  certain  observed  rate  of  increase  of  grain,  represented  by  the  slope  of 
a  certain  straight  line  tangent  to  the  curve  of  grain  be  s.  We  may  not  know  whether 
it  represents  C  or  A  as  we  have  said.  We  shall  have  either/^  =  u/u^  =  E/.  4.5  hsc 
—  from  equations  (30)  and  (28)  letting  s  =  A;  or  from  equations  (30)  and  (27) 
letting  s  =  C 

(32)  2/"-  ^  1  +  (E/.4.5  h'sc)!  (2/'-)i  .  This  equation  is  solved  approximately 
in  Figure  21.  Thus  it  will  be  comparatively  easy  to  obtain  the  alternative  values 
of  v/Uq  on  the  two  hypotheses.  Since  2v/Uo  is  always  between  1  and  2  and  the 
cube  root  varies  but  slowly,  it  will  be  easy  to  insert  an  approximate  value  in  (46) 
and  obtain  nearer  approximations.  Moreover  having  found  v/u^  we  can  go  on  to 
find  K. 

(33)  K  =  - E/-  =  TT E  ^/JL  ==  Cch'   (2/=  —  1)§  =  Ach   f^  ■^2. 

In  formulae  24  and  28,  in  the  expression  for  A,  as  v  approaches  u^,  h  will  approach 
zero  and  so  the  expression  for  A  might  become  infinite.  That  would  imply  that  the 
nearer  the  initial  temperature  is  to  the  temperature  of  a  consolidation  the  greater 
will  the  gradient  A  become  but  of  course  this  is  limited  by  the  fact  that  at  a  tem- 
perature very  close  to  that  of  a  consolidation  the  lava  flow  would  be  so  viscous  as 
no  more  to  flow.  The  temperature  above  the  consolidation  point  at  which  the 
magma  becomes  sharply  fluid  is  very  much  less  for  magmas  and  glasses  containing 
lime  than  for  those  which  contain  soda  and  therefore  a  coarser  and  better  marked 
rate  of  increase  and  a  more  distinct  development  of  the  A  gradient  is  noted  in  the 
lime  melaphyres.  At  the  same  time  there  is  distinct  signs  of  a  limit  here,  and  the 
A  gradient  is,  so  far  as  I  know,  never  over  one  millimetre  in  seven  feet.  From  this 
we  can  draw  an  inference  regarding  the  temperature  at  which  a  lava  is  fluid  enough 
to  flow  compared  with  that  of  the  formation  of  augite. 

An  interesting  question  is  where  the  various  tangents  meet — that  is,  where  will 
the  zone  of  marginal  grain  become  equal  to  that  of  the  center.  If  we  refer  to  the 
equations  of  the  three  tangents  we  have  the  following  formulae: 

(34)     x',3  =  E/C'  =  ch'  (2f2— l)i/;r/, 
where  x',^  is  the  abcissa  of  the  rheeting  point  of  tangents  representing  the  rate  of 
increase  of  grain  at  the  extreme  margin  C,  and  that  at  the  center. 

The  solution  of  this  approximate  formula  as  well  as  (in  dots)  curves  representing 
more  accurately  the  actual  relation  for  three  different  breadths  of  contact  in  terms 
of  x',^  /  c  =  E  /  C  c  is  given  by  the  full  line  of  Figure  21  (Fig.  6  of  the  annual  report 
for  1903)  repeated  here  for  these  values. 
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If  instead  of  expressing  the  ratio  of  superfusion  as  a  function  of  the  marginal  rate 
of  increase  C  the  grain  at  the  center  E  and  the  total  width  affected  it  be  expressed 
in  terms  of  the  distance  from  margin  W  we  may  roughly  express  the  relations  in 
words  by  saying  that  E,  the  grain  at  the  center,  is  less  than  that  which  would  be 
found  if  the  increase  at  the  margin,  kept  up  proportionately  to  the  superfusion,  and 
the  drop  from  the  initial  temperature  to  that  of  crystallization  is  to  the  initial  tem- 
perature (reckoned  from  that  of  the  country  rock  as  zero),  as  the  thickness  of  the 
central  belt  in  which  the  coarseness  W'Ould  be  about  as  much  as  at  the  center  is  to 
(somewhere  between  once  and  twice)  the  total  thickness. 

,—  u         2w  —  2  E  /  C 


(35) 


2w(xl  or  2) 


Fig.  21.  SshowsE/C'c.  or  the  ratio  of  the  grain  at  the  center  to  that  which  would 
be  reached  if  the  rate  of  increa.se  at  the  margin  kept  up  for  a  distance  equivalent  to 
the  whole  zone  affected.  Tlie  full  curve  is  the  approximate  solution  given  by 
equation  34  of  the  text.  The  dotted  curves  were  computed  for  particular  widths 
of  the  contact  zone  as  shown  thereon. 
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Similarly 

(36)     x'.3  =  (E— B)  /A  =  .45  hcf^  —  y', 
where  (x'23+y')  /c  isjess  than  .4;    and  finally  equations  (27),  (28),  and  (29)  will 
determine  a  point 

(37)     X',,  =B/(C'-A)=y/JL^  (l  _  ^^'-l- 
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(b) 

Fig.  22.  Illustrates  the  variation  of  coarseness  of  grain  from  the  margin  to  the 
left  to  the  center  at  the  right  in  flows,  intrusive  dilies  or  sills  which  have  either  : 
(a)  a  broad  contact  zone;  or  (b)  a  narrow  contact  zone  in  which  the  contact  zone 
heats  up  and  cools  down  quickly.  The  curves  are  dotted  in.  Important  tangents 
to  them  are  drawn  in  full  lines.  The  decimal  figures  adjacent  to  each  curve  indi- 
cate the  ratio  of  the  temperature  of  consolidation  to  that  of  initial  injection  or 
intrusion,  the  temperature  of  the  country  rock  being  taken  at  zero. 

From  formula;  (35)  and  (36)  we  shall  not  be  able  to  find  the~width  of  the  contact 
zone,  but  we  may  if  we  know  over  what  range  some  of  these  formula?  are  clo-sely 
applicable.  If,  for  instance,  formula  (27)  hold.s]^at  least  to^a  value  x',  it  may  be 
shown  that 

2y  is  not  less  than  x'  /  P"  '  [2(u  /  Uo)— 1  or  2w] 
Also  in  equation  (37),  if  we  know  exactly  x',, 

•(2to^)jJi    __^\^,  =fl.4tooo  -^ 

2h'  /  V  h' 


(38)     y=  (! 


l.)x',2 
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C'>ust  always  be  greater  than  A  and  between  C  and  A  there  is  the  relation 
(39)  —  =  (^-p  -j    ^^  c-2y-2y'   ) 

up  to  values  of  f  ^  =  u/Uo  of  about  .80  -^  is  nearly  1  but  as  u/Uo  gets  above 
.90  it  rapidly  diminishes  but  does  not  fall  below  -^.     Thus  for   small   contact 


zones 


c— 2y  2w  w     _,    //'i_Zl^   v' 

Againasc  — 2y  =  2wwefind    ^112^^3:27  =  2^;^l2y' "~  w—y  ^     /  V        w  /   ^ 

sothatify'=w-^  =  <» 
A 

Some  of  the  tangents  just  described  are  shown  in  Fig.  22. 


§  7.      APPLICATIONS. 

Jf  the  initial  temperature  and  diffusivity  of  igneous  magma  are 
not  dependent  on  tlie  position  and  time,  wliatever  ci-ystallization 
takes  place  at  tlie  margin  before  the  center  or  margin  has  cooled 
appreciably  follows  the  laAV  that  the  coarseness  of  grain  is  propor- 
tional to  the  distance  from  the  margin  (the  margin  not  varying 
in  temperature  either  because  kept  at  a  constant  temperature  or, 
if  it  is  the  country  rock,  because  it  has  not  departed  much  from 
it,  at  a  temperature  half-way  between  the  initial  magma  and 
country  rock  temperature). 

On  tlie  other  hand  the  ci-j-stallizatiou  that  takes  place  after  the 
center  has  cooled  down  considerably  should  be  uniform  in  grain 
or  not  less  than  that  at  the  center. 

This  belt  of  uniform  grain  will  occur,  if  at  all,  near  the  center 
and,  as  we  have  said,  the  greater  its  width  the  nearer  to  the  crystal- 
lization temperature  must  the  marginal  temperature  have  been. 
In  this  belt  the  size  of  the  grain  may  not  depend  on  the  initial  tem- 
i:»erature  at  all  but  besides  being  proportional  to  the  size  of  the 
dike  and  the  power  of  crystallization,  and  inversely  proportional 
to  the  square  root  of  the  diffusivit)^,  will  be  the  greater  the  less 
the  difference  between  the  crystallization  temperature  and  the  tem- 
lierature  of  the  country  rock  down  to  which  cooling  is  taking  place. 
If  the  temperature  or  other  conditions  of  crystallization  are 
nearer  tliose  of  the  country  rock  than  those  of  the  magma,  there 
may  be  no  marginal  zone  of  finer  grain. 

There  may  be  a  belt  of  coarser  grain  than  that  at  the  center. 
It  should  be  at  the  margin  if  the  initial  marginal  temperature  is 
just  above  that  of  consolidation.     The  higher  the  temperature  of 
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coiisolidntioii  the  farther  in  and  less  defined  llie  belt  must  be  if 
present  at  all.  To  be  at  all  appreciable  it  innst  Ix^  close  to  the 
contact.  It  is  ]>rodiiced  as  the  contact  zone  approaches  the  niaxi- 
mnni  tenijjeratnre  it  attains.  The  fact  that  the  f>rain  of  a  rock 
may  be  coarser  at  the  niai<>in  than  at  the  center,  considerinjj;  loss 
of  heat  alone  as  a  factor  in  crystallization,  is  not  easy  to  see  at 
first  jjlance.  It  means  that  the  marjiin  cools  more  slowly  not  at 
the  same  time,  for  of  course  it  cools  first,  but  at  or  through  the 
same  range  of  temperatures.  This  may  be  made  more  clear  by 
looking  at  a  figure  of  cooling  with  a  broad  contact  zone  (Fig.  18). 
We  see  that  the  curve  of  cooling  at  the  miargin  takes  about  half 
a  year  to  di*op  .1  in  temperatui'e,  from  .5  to  .4  of  the  initial 
temperature,  while  the  center,  when  it  gets  down  to  the  same 
range,  ]>asses  through  it  in  not  much  more  than  a  quarter  year.  We 
may  make  this  slower  cooling  at  a  given  temperature  at  the  margin 
seem  more  reasonable  by  the  following  considerations. 

The  rapidity  of  cooling  dej>ends  among  other  things  on  the 
amount  of  drop  to  l>e  made.  Now  at  the  beginning  the  contact 
country  rock  is  cool,  the  drop  marked,  and  the  cooling  rapid;  ac- 
cordingly, for  that  part  of  the  dike  that  cools  and  crystallizes  dur- 
ing that  time,  the  grain  is  fine.  But  as  the  country  rock  heats  up, 
while  it  is  heating  up  the  inteiTal  down  to  which  the  dike  of  molten 
rock  must  cool  is  growing  less  and  so  the  crystallization  is  very 
much  slower,  the  grain  much  coarser  than  were  the  contact  zone 
kept  at  a  fixed  temperature.  Later  the  contact  zone  cools  too, 
with  the  dike  asr  a  whole.  Now  while  the  contact  zone  is  heating 
up  and  the  dike  cooling  downi  the  parts  at  the  contact  are  held  at 
a  temperature  just  about  half  way  between  the  initial  tempera- 
ture of  the  dike  and  the  country  rock.  Thus  the  conditions  are 
favorable  for  very  slow  crystallization  in  the  part  of  the  dike  then 
•crystallizing. 

A  uniform  grain  throughout  like  some  of  the  dikes  in  the  Mt. 
Bohemia  fdigoclase  gabbro  may  then  indicate  one  of  three  condi- 
tions. (1)  An  excessively  hot  magma.  I  have  not  seen  any  yet 
which  seemed  to  me  attributable  to  this  cause.  (2)  The  retention 
of  some  mineralizer  which  makes  the  crystallization  jwint  rela- 
tively low.  This  condition  may  hold  not  only  in  veins  but  in  many 
ai>litic  and  i)egniatitic  dikes.  (:>)  The  fact  that  tlte  country  rock 
itself  was  relatively  near  the  fusion  (respectively  solution)  point, 
as  in  the  case  of  dikes  injected  into  granites  or  gabbros  which  have 
only  just  consolidated, 

lOll'usive  I'ocks  generallv   have  broadei-  marginal   zones  of  grain 
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increase  than  intnisives  foi-  (li  the  magma  is  likely  to  be  less  hot, 
in  fact  to  fioAV  and  keep  stirred  up  until  it  stitt'ens  near  the  crystal- 
lization point.  (2)  Loss  of  mineralizers  is  likely  to  raise  the  crys- 
tallization point.  (3)  The  country  rock  is  relatively  cool  and  if 
wet  will  absorb  a  large  amount  of  heat,  making  the  thermal  con- 
tact zone  narrow.  Marginal  belts  of  coarser  grain  T  have  never 
observed. 

As  a  matter  of  fact  most  of  the  Keweenawan  ophitic  melaphyres 
do  show  an  increase  of  grain,  especially  of  augite.  from  the  margin 
to  the  center.  The  rate  of  increase,  however,  is  not  strictly  pro- 
portional to  the  distance  from  the  margin  except  for  a  short  dis- 
tance near  the  same.  There  is  a  narrow  contact  zone  of  a  meter 
or  less  which  heated  up  first,  and  a  zone  of  corresponding  width 
inside  the  dike  in  which  the  grain  of  the  augite  increases  quite 
rapidly  and  proportionally  to  the  distance  from  the  margin  (at 
the  rate  C).  Then  later  the  contact  zone  and  all  cooled  and  for 
the  part  then  consolidated  the  grain  increase  changes  to  a  smaller 
rate  (A)  which  is  more  nearly  proportional  to  the  distance  from 
a  point  outside  the  exterior  of  the  contact  zone. 

But  the  rapid  marginal  rate  of  increase  is  usually  confined  to 
the  first  few  feet,  and  can  be  determined  only  by  careful  micro- 
scopic work.  The  rate  of  increase  is,  on  the  whole,  more  uniform 
in  the  lower  part  of  each  flow  than  the  upper,  where  the  amygdules 
and  probably  original  eddies*  in  the  flow  introduce  uncertain  fac- 
tors. 

My  original  empij'ical  rule  for  the  second  rate  of  increase  (A) 
was  that  in  the  commonest  t\\)e  of  Keweenawan  flow,  the  ophitic 
melaphyre  Avith  about  10  per  cent  of  CaO  composed  of  about  55 
per  cent  labradorite  and  30  per  cent  augite,  the  grain  of  the  augite 
in  millimetres  waSv  allowing-  a  margin  of  1  mm.  each  way,  equal 
to  6  per  cent  of  the  distance  in  feet  from  a  point  20  feet  outside 
the  margin,  or  at  the  rate  of  1  inch  in  400  feet  (1  mpn.  in  1(3  feet). 
More  scientifically  expressed  the  ratio  is  1  :1:800  or  .00021. 

Further  investigations  indicate  that  the  main  rate  (A)  may  be 
somewhat  higher,  up  to  .OOOIG  (1  mm.  in  8  feet)  without  being 
marginal.  It  must  not  be  forgotten  that  this  formula  from  eye  ob- 
servation is  rough,  covering  really  two  dift'erent  theoretical  gradi- 
ents. 

However,  the  errors  in  measuring  grain  are  of  the  same  order, 
and  there  are  also  errors  which  come  in  fronn  une<pial  original  tem- 
])erature  and  variation  in  composition,  such  as  produce  the  varia- 
tion from  ophitic  to  doleritic  texture. 
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PRACTICAL  APri.ICATlONS  OF  OBSKUVATIONS  OF  AUGITE  GRAIN  IN  OPHITKS. 

1.  Amyt!,daloid  inclu.sions,  bombs,  or  streaks  and  doleritio 
streaks  in  the  body  of  a  flow  niav  be  distiiifiuiished  fi'oin  tlie  main 
amygdaloid  top  by  the  more  regular  and  peisistent  diminution  of 
grain  toward  the  latter. 

2.  The  extra  eoarse  flows  are  extra  thick  and  extra  persistent 
and  may  be  identified  by  the  maximluin  grain.  For  instance,  the 
''Greenstone"  just  above  the  Allouez  conglomerate  extends  from 
Keweenaw  I'oint  to  Isle  Royaleand  down  the  point  to  Portage 
Lake,  though  it  thins  in  this  latter  direction.  The  augite  mottles 
are  as  large  as  3  inches  across  where  it  is  thick.  The  Mabb  ophite 
Ayith  a  grain  of  over  7  mm.  comes  shortly  above  the  Baltic  lode. 
One  may  thus  identify  a  flow  as  a  unit. 

3.  One  may,  from  an  extra  slow'  increase  of  grain  in  diamond 
drill  holes,  infer  that  the  bed  is  being  traversed  obliquely.  One 
must  have  due  regard  to  the  possibility  of  being  deceived  by  a 
different  rate  of  increase  of  grain  due  to  some  other  cause, — differ- 
ent chemical  composition,  for  instance. 

But  if  the  same  bed  is  cut  by  different  holes  traversing  it  at  different  angles  =  one 
can  often  feel  fairly  safe.  For  instance,  Hole  5  at  the  Challenge  exploration  (Chap- 
ter V,  §  18)  was  put  down  through  a  heavy  glacial  overburden  143^feet  where  little 
or  nothing  was  known  as  to  the  dip.  The  slow  increase  of  ophitic  mottling  in  the 
bed  from  143  to  257  feet  led  Dr.  Hubbard  quite  correctly  to  infer  that  it  was  trav^ 
ersed  quite  obliquely  and  had  a  dip  of  60°  or  more.  (See  PI.  XVII,  report  for 
1904,  PI.  VI,  and  Fig.  59  of  this  report).  Another  illustration  is  Empire  section, 
Figure  24.  Hole  5,  Belt  51. 

4.  If  a  variation  in  grain  can  be  noted  on  two  sides  of  a  shaft. 
a  cross-cut,  or  an  outcrop,  the  direction  of  finer  grain  is  probably 
that  of  the  nearer  amygdaloid  or  conglomerate,  and  the  coarseness 
of  grain  will  indicate  the  probable  distance. 

This  is  of  especial  use  in  a  drift  covered  country  where  it  is 
often  impossible  to  sink  exactly  on  the  amygdaloid  ashbed.  This 
princii)le  was  used  in  fixing  the  position  of  the  Allouez  in  the 
Empire  section.     (Fig.  24.) 

Good  illustrations  of  the  importance  of  grain  in  determining  dip  will  also  be  found 
in  the  southern  part  of  the  Mandan  section,  where  I  was  led  to  infer  a  steep  dip 
from  observations  in  vertical  holes  before  it  was  otherwise  proved. 

5.  A  sudden  variation  in  grain  in  crossing  a  seam  may  indicate 
a  dis|)lacement  and  guide  one  in  determining  its  character  and 
amount.  (Of.  tlie  Isle  Royale  section,  drill  hole  10  and  the  Chal- 
lenge exploration.) 


•^See   Bed   32   of   the   Clark-Montreal    section. 
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6.  It  will  often  be  possible  to  tell  how  tar  there  is  yet  to  go 
to  traverse  a  bed  after  it  has  been  more  than  half  penetrated,  for 
it  will  begin  to  get  finer  again. 

In  this  way  it  Avas  povssible  to  say  that  a  Calumet  and  Hecla  drill 
hole  near  Shaft  21  whicli  was  stopped  by  an  accident  was  just  about 
30  feet  from  its  goal. 

7.  A  uniformity  and  system  in  grain  may  distinguish  small 
outcrops  from  large  boulders.  This  principle  and  principle  4  were 
also  made  use  of  near  Shaft  21,  Calumet  and  Hecla,  where  there 
were  some  dubious  outcrops  of  the  hanging  of  the  Keai*sarge  lode. 

8.  Conversely,  a  very  coarse  grain  indicates  a  vei'y  heavy  bed 
of  trap,  and  thus  gaps  in  a  geological  section  may  be  filled.  It 
does  not,  for  instance,  require  continuous  trenching  or  exposure 
by  drilling  over  the  Greenstone  to  make  sure  of  not  missing  amygda- 
loids. 

0.  Large  mlasses  (30  feet  or  more)  of  aphanitic  (porcellanic) 
rocks,  if  igneous,  are  likely  to  be  felsitic, 

10.  Intrusives  are  often  characterized  by  extra  coarse  feldspar, 
and  relatively  narrow  marginal  bands  of  finer  grain  near  the 
margin. 

11.  lieds  without  variation  of  texture  (or  actually  coarser)  at 
or  near  the  margin  are  intrusive. 
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CHAPTER   \ 


DKTAILED    STRATKiUAPHY. 


§    1.      IXTRODUCTION. 

A  general  summary  of  the  Geological  Column  of  the  Keweenawan 
is  given  in  Chapter  I,  §  7,  and  in  the  Report  for  1908.  pages  .30  to 
38.  The  column  or  succession  of  beds  is  illustrated  by  Figure  4 
in  this  chapter.  We  may  proceed  at  once  to  consider  the  detailed 
sections.  In  Chapter  1  we  took  up  the  order  of  succession  first 
with  the  Lower  Keweenawan  and  the  lower  part  thereof, — the 
Bohemian  Range  Group.  It  seems  to  me  best  in  this  chapter  to 
follow  a  geographic  order,  and  begin  at  the  end  of  Keweenaw  Toint 
and  go  thence  westerly  in  general  with  the  hands  of  the  clock  and 
with  the  sun  around  Lake  Superior,  since  the  sections  explored  in 
the  different  regions  vary  and  overlap  the  different  divisions  more 
or  less.  It  may  be  well,  however,  to  run  briefly  over  the  different 
divisions  and  indicate  in  what  regions  they  occur. 

The  Lower  division,  the  Bohemian  Range  group  with  conglomer- 
ates and  felsites  at  its  top,  extends  from  the  part  so  carefully 
studied  by  Hubbard  on  the  south  side  of  Keweenaw  Point  near  the 
mouth  of  the  Montreal  River,  T.  58,  R.  38,  past  the  Mendota  sec- 
tion (Fig.  26)  almost  all  along  the  range,  though  often  heavily 
masked  by  drift.  The  Torch  Lake  section  shows  but  very  little  of 
it  and  it  may  be  that  where  the  Keweenawan  fault  uplift  is  much 
split  it  is  absent  altogether.  The  South  Trap  Range  coming  around 
from  the  south  end  of  Lake  Gogebic,  and  lying  south  of  the  Duluth 
South  Shore  and  Atlantic  Railroad  seems  to  be  wholly  in  this 
group.  I  judge  that  it  is  developed  in  Wisconsin  and  Minnesota, 
but  does  not  appear  on  Isle  Royale.  I  think  that  the  Mamainse 
section  is  largely  in  this  group. 

The  Central  group  is  that  found  everywhere.  Most  of  the  sec- 
tions are  in  it.     (Fig.  24  et  seq.) 

The  Ashbed  group  is  very  continuous,  yet  little  drilling  has  been 
done  in  it  outside  of  Keweenaw  County.  South  of  Atlantic  the 
only  drill  section  exposing  it  well  is  that  at  the  Winona.  Appar- 
ently from  the  Ontonagon  County  line  toward  the  Porcupine  Moun- 
tains it  contains  genuine  felsites  which  are  absent  elsewhere.    I  do 
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not  think  that  the  Maniaiuse  felsites  are  of  this  age,  but  rather 
earlier.  There  seem  to  be,  really,  but  two  epochs  of  felsitic  intru- 
sion. The  only  sections  that  show  it  well  are  those  at  Copper  Falls 
(Fig.  30),  Eagle  River  (Fig.  M),  Calumet  and  Tamarack  (Fig.  3G) 
and  Isle  Royale  (Fig.  5G).  The  Arcadian  (Figs.  41  and  42)  and 
Winona  (Fig.  50)  shows  something  of  it  and  it  is  exposed  around 
Rockland  (Fig.  52). 

Structurally,  the  Upper  Keweenawan  might  begin  here,  but  it  has 
been  defined  as  not  including  any  effusives.    So  defined,  the  "Outer" 
or  uppermost  of  the  Copper  Harbor    conglomerates    becomes    its 
base,  and  the  Upper  Keweenawan  fringes  the  north  side  of  Kewee- 
naw Point  from  less  than  half  a  mile  from  the  end  to  the  north 
branch  of  Agate  Harbor    (broken  by  Copper  Harbor),    reappears 
about  five  miles  west  of  Eagle  River  and  about  one  mile  northeast 
of  Gratiot  River  and  occupies  the  coast'up  to  Oronto  Bay.     (See 
Report  for  1908,  Fig.  3.)     Its  upper  member,  the  Freda  sandstone, 
is  frequently  exposed,  but  only  where  uplifted  by  the  Porcupine 
Mt.    faulted    anticlinal     (see    Annual    Report    for    190S,    PL   1) 
are  the  lower  members  exposed  along  shore,  and  in  the  interior 
where  there  are  numerous  exposures  which  may  be  attributed  to 
the  Copper  Harbor  conglomerates,  the  Lake  Shore  traps  are  rarely 
found.     They,  indeed,  seem  to  be  absent  for  part  of  the  way  be- 
tween Portage  Lake  and  the   Porcupines,    where   the   base   of   the 
Upper  Keweenawan  has  not  been  accurately  located.     Above  the 
Lake   Shore  traps  there  are  really   no   signs  of  igneous  activity. 
That  is  one  reason  for  my  belief  that  the  Upper  Keweenawan  is 
closely  allied  with  the  overlying  Upper  Cambrian  Lake  Superior 
Sandstone.    This  agrees  with  Irving's  general  statement.^  although 
in  describing  the  Porcupines  he  mentions    (p.  223)    a  heavy  dike 
of  olivine  diabase  on  Section  26-51-11  which,  if  it  occurred,  would 
be  an  exception  to  this  rule.     But  at  the  point  indicated  there  is 
only  the  emergence  of  a  great  fault  with  gritty  beds  of  the  None- 
such indurated  so  as  to  look  exceedingly  like  an  igneous  rock, — from 
a  boat,  for  instance.     Since  the  original  notes  and  specimens  have 
been  lost  one  cannot  say  hoAV  the  mistake    occurred.      Probably' 
Irving  did  not  visit  this  place  himself. 

The  Eagle  River  group  probably  interdigitates  with  the  Creat 
Copper  Harbor  conglomerate  by  the  dropping  out  of  its  upper  trap 
beds.  The  Copper  Falls  (Fig.  30),  Eagle  River  (Fig.  31),  Calumet 
(Fig.  36),  the  workings  of  the  Hancock  mine,  the  Black  River  sec- 
tion (Report  for  1906,  PI.  33)  are  the  best  sections. 

^Monograph  V,  U.  S.  G.  S.,  p.  152. 
=Loc.   fit.,  pp.  .3  and  4. 
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The  Copper  Falls  conglomerates,  Great,  Middle  and  Outer,  and 
Lake  Shore  traps  have  been  but  little  explored  and  few  of  the 
diamond  drill  sections  indicate  them.  The.v  are  best  exposed  in  the 
Porcupine  Mountain  district.  The  heaviness  of  these  conolomerates 
and  the  variety  of  pebbles  they  contain  indicate  to  me  a  very  con- 
siderable unconformity. 

§    2.      END   OF   KEWEENAW    POINT.      CLARK  MONTREAL    (FIG.    23). 

On  the  end  of  the  Point  the  beds  run  fairly  continuously  from 
Avest  to  east,  tending  southeast  at  the  tip,  though  traversed  by 
veins  nearly  at  right  angles  to  them,  with  which  are  associated 
faults  nearly  at  right  angles  to  the  formation  with  small  throw. 
These  faults,  on  the  whole,  strike  more  northeasterly  than  they 
would  were  they  just  at  right  angles  to  the  strike  and  the  east  side 
is  often  thrown  south.  (See  Keystone  Location  30,  T.  57  N.,  R.  27 
W.).  The  explorations  seem  to  have  been  almost  exclusively  con- 
fined to  the  veins  and  to  the  horizon  just  below  the  Greenstone,  the 
Allouez. 

The  beds  are  best  shown  at  the  end  of  the  Point  (where  the  dip 
is  about  23°),  and  opposite  Copper  Harbor,  Avhere  the  upper  beds 
were  described  in  the  very  earliest  report'  and  again  by  Irving*  and 
Hubbard. "^ 

We  have  the  following  section  according  to  Hubbard  (p.  63  and 
PI.  IV)  assuming  the  Greenstone  to  be  1,270  feet  thick,  (its  breadth 
of  outcrop  of  about  half  a  mile  combined  with  a  dip  of  31°  to 
35°  and  its  thickness  in  the  Mandan  section  all  point  to  a  thickness 
of  over  1,000  feet). 

Outer  conglomerate  (1000  feet^)  (half  a  mile  of  23°  dip) 

Upper  Lake  Shore  Traps  (1062  to  1100) 

Middle  conglomerate  (200  to  700) 

Lower  Lake  Shore  Traps  (400  to  550) 

Great  conglomerate  (1200  to  1250) 

Eagle  River  group  (1308)     (Irving  1,417) 

Ashbed  (2000)  ]  (Irving  1543) 

[    3270? 

Greenstone?  (1270)  J  (Irving  1200) 

Some  drilling  above  the  Greenstone  up  here  would  be  desirable, 
though  the  flat  dips  are  against  easy  mining.    From  the  foot  of  the 

^See  Foster  and  Whitney. 
^Monograph  V,  U.  S.  G.   S.,  pp.  186-187. 
^Vol.  VI,  Pt.  11,  Chapter  II  and  Chapter  III,  §§  8  and  0. 

^Thicknesses  in  parentheses,  (25)  for  instance,  refer  always  to  true  thicliness  ar 
right  angles  to  the  dip. 
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Greenstone  to  the  noi-tli  shore  of  Breakfast  Lake  a  section  was 
drilled  by  the  Calnmet  and  Hecla  Mining-  Company,  whom  I  have 
to  thank  heartily  for  permission  to  examine  the  cores  and  especi- 
ally for  the  results  of  the  cyanide  tests  for  copper.  The  detailed 
section  follows,  and  is  illnstrated  by  Figure  23. 

Calumet  and  Hecla  section  on  Clark  property  N.  from  Breakfast  Lake  \  mile 
west  of  the  East  line  of  Sections  8  and  5,  T.  58  N.  R.  28  W.  See  Figure  23  (In  en- 
velope) . 

Sections  by  W.  J.  Pcnhallegon,  and  notes  of  A.  C.  Lane. 
The  section  gave  an  average  tenor  of  copper  as  follows 
Hole   1.     943  ft.  into    5,1199o  ave.  .C05      copper 

.00196 
.00675 
.0047 
.0106 
.077 
.011 
.015 
.0285 
.0415 


1. 

943 

2 

597 

3. 

445 

4. 

432 

5. 

424 

6. 

581 

A. 

236 

7 . 

360 

8. 

641 

9. 

378 

0  5,1199c 

ave 

1.185 

" 

3.01 

" 

2.032 

" 

4,385 

" 

47.037 

« 

2.62 

" 

5.425 

ti 

18.12 

" 

15.655 

" 

104.5889 

av{ 

5,037  104.5889      ave.  .02 

But  there  was  a  certain  amount  of  duplication  and  overlapping  which  should  be 
allowed  for  as  it  materially  affects  the  results.  On  the  other  hand,  nothing  less 
than  .01%  was  estimated,  so  that  an  average  of  .0025  may  easily  have  been  ignored. 

Closer  figures  could  be  obtained  by  taking  the  content  for  each  bed,  and  multiply- 
ing by  the  thickness,  did  it  vary  with  different  beds  and  remain  constantly  high  for 
some,  but  it  does  not.  The  average  is  not  very  different  from  that  obtained  in 
Holes  1  and  2  at  Mamainse.  Unless  mentioned  the  sludge  is  reported  as  .00  copper. 
On  the  whole  there  is  more  copper  in  the  upper  beds.  The  distribution  seems  rather 
associated  with  chlorite  seams  than  bedded  lodes. 

Clark  drill  hole  9.  On  the  "Greenstone"  5739  feet  north  of  Breakfast  Lake  and 
106.84  feet  above  it  (288.01  above  Lake  Superior)  about  1250  paces  N.,  500  W.  in 
Section  8,  T.  58  N.,  R.  28  W.  The  dip  of  the  hole  is  66°  30'  to  the  .south,  i.  e.,  so 
nearly  at  right  angles  to  the  beds  that  true  thickness  is  obtained  at  once,  though 
the  dip  appears  to  be  really  about  26°. 

1.  Ophite,  the  Greenstone  d  9.     12-34  (72) 

An  ophite  growing  finer  at  24-30;  0.09  copper 

2.  Conglomerate,  the  AUouez  No.  15  d  9.     34-82  (48) 

It  is  basic  especially  below  76  and  there  are  pebbles  of  ophite  as  well  as 
felsite.  It  is  mainly  fine  grained.  The  dip  varies  from  being  at  right 
angles  to  the  drill  core  about  6°  to  7°  indicating  a  po.ssibility  of  a  dip  just 
that  much  more  or  less  than  23°  30';  at  31-37  the  copper  content  is  0.07. 
37-43,  0.19,  at  43-62,  0.03,  at  64-82,  0.07. 

3.  Feldspathic  melaphyre  ■  (46) 

Amygdaloid  d  9.     82-87  =  (5)  at  82-83,  0.06,  at  83-85.  0.07  Cu 
Amygdaloidal  trap  d  9.     87-91  =  (4),  at  85-99,  0.05  Cu. 
Feklspathic  trap  d  9.     91-128  =  (37),  at  99-102,  0.05,   102-107.  0.09,  at 
107-117,  0.59,  117-120,  0.71,  at  120-122  0.64  Cu. 

«Total  obtained  by  multiplying  the  percentage  of  copper  in  var:ous  samples  by  the  number 
of  feet  which  the  sainple  represented. 
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4.  Melaphyre  (17) 

Amygdaloid  d  9.     128-130  (2),  at  122-130,  .08  Cu. 
Amygdaloid  trap  d  9.     130-145  (14);  at  130-153  trace  Cu. 
The  trap  is  coarse  amygdaloidal  except  the  last  foot  at  145. 

5.  .  (8) 
Amygdaloid  d  9.     145-150 

Chloritic  amygdaloidal  trap  d  9.     150-153  =  3 

6.  Amygdaloid  d  9.     153-154  =  1,     153-154     0.03  Cu.  (8) 

Coarse  amygdaloidal  trap  d  9.     154-161  =  7  (79) 

7.  (59) 
Amygdaloid  d  9.     161-166  =  5 

Amygdaloidal  trap  d  9.     166-173  =  7 
Trap  d  9.     173-220  =  47 

Coarsest  between  177  and  206,  chloritic  and  white  flecked  with  pseu- 
doamygdaloid  spots  at  175-184,  trace  Cu. 

8.  Top  of  Mandan  ophite?  138 

Ophite  8  mm?  (101?) 

Amygdaloid  d  9.     220-223  =  3 

Amygdaloidal  trap  d  9.     223-228  =  5 

Trap  d  9.     228-271  =  43 

Amygdaloid  d  9.     271-273  =  2 

Trap  d  9.     273-321  =  48 

The  amygdaloidal  trap  is  a  very  coarse  amygdaloid,  the  first  trap  felds- 
pathic  and  faintly  mottled,  at  255-273  and  363-375,  trace  Cu. 

The  second  two  feet  of  amygdaloid  is  a  poor  chloritic  amygdaloid  with 
forms  that  look  like  pseudomorphs  of  phenocrj'sts.  At  284  it  is  coarser 
and  irregular  and  from  305-312  there  appears  to  be  a  mottling  5-8  mm. 
across.  This  is  about  the  point  where  the  big  Mandan  ophite  should  ap- 
pear.    What  has  become  of  the  rest  of  it?     Is  it  cut  out  by  faults? 

9.  Melaphyre  (34) 

Amygdaloid  d  9.     321-323  =  2 
Trap  d  9.     323-355  =  32 
The  amygdaloid  is  chloritic. 
10.     Melaphyre 

Amygdaloid  d  9.     358-360  =  2 

Trap  d  9.     360-368  =  8 

The  amygdaloid  is  crushed;  the  contact  uncertain. 

Porphyritic  melaphyre 

Amygdaloid  d  9.     368-375  =  7 

Amygdaloidal  trap  d  9.     375-390  =  15 

The  trap  is  a  coarse,  chloritic  amygdaloid  and  shows  one  big  porphyritic 
feldspar  crystal.  Clark  d  8.  260-304,  also  Clark  d  8.  304-401.  This 
does  not  look  like  the  top  of  No.  8  particularly.  I  strongly  suspect  a  fault. 
The  mottling  at  305-312  feet  is  not  at  all  likely  in  so  small  a  flow  and  I  think 
that  the  lower  amygdaloids  may  be  streaks  in  the  trap,  for  the  samples 
when  examined  were  mouldy  and  not  easy  to  study. 

Clark  drill  hole  8.  642  feet  south  of  No.  9,  i.  e.,  5097  feet  north  of  Breakfast 
Lake  and  44.75  above  it  (225.92  above  Lake  Superior);  about  1025  paces  N.  and 
500  W.  of  S.  E.  cor.  of  Section  8,  T.  58  N.  R.  28  W.  The  dip  of  the  hole  is  65°,  i.  e. 
practically  at  right  angles  to  the  bed.  The  dip  to  Hole  9  may  be  26°,  to  Hole  7 
26.5°.     It  is  physically  62  feet  below  No.  9  and  geologically  should  be  between 
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300  and  400  feet  below.  The  big  ophite  in  which  it  begins  would  seem  to  be  the 
Mandan  ophite,  which  comes  usually  not  over  300  feet  or  so  below  the  Greenstone. 
If  we  assume  this  to  be  the  last  bed  reached  in  No.  9  there  must  be  an  unusual 
number  of  beds  between  this  and  the  Allouez,  and  a  dip  of  over  33°.  If,  on  the  other 
hand,  we  suppose  the  apparently  coarse  mottling  reached  at  No.  9  at  305-312  feet 
to  represent  the  Mandan  ophite  and  cf.  d  9.  305-312  with  d  8.  75-91,  the  dip 
would  be  only  about  20.3°  and  we  should  have  to  suppose  also  that  Hole  9  crossed 
a  fault  in  its  lower  part  striking  N.  E.  and  throwing  the  E.  part  S.,  and  was  sepa- 
rated by  that  from  Hole  8.     The  weight  of  probability  seems  to  be  that  the  first 

bed  in  Clark  d  8  is  the  Mandan  ophite  No.  8. 

(138?) 

8.  Ophite,  the  Mandan  ophite  10  mm.  229 

Amygdaloid  d  8.     25-30  =  5,  at  25-33     0.03  Cu. 
Chloritic  amygdaloidal  trap  d  8.     38  =  8 
Trap  d  8.     38-254  =  216 

The  amygdaloid  is  brecciated  and  prehnitic.     The  trap  markedly  mottled, 
at  75,       91,       131,       153,       192,       223,       230,       254  feet  they  are 
5,         7,         9,         10,         10,  8,  4,         0?  mm.  across 

9.  ]  Cf.  Clark  d  7.     40-46 
to    \  Porphyritic  melaphyre 

11.  J  Amygdaloid  d  8.     254-260  ?  =  6 

Trap  d  8,     260-304  =  44 
Poor  samples  of  amygdaloid 

The  trap  shows  one  small  feldspar  phenocryst  (Cf.  d  9.  375-390)  and  the 
feldspar  ground  is  rather  coarse,  while  there  is  no  conglomerate  at  the  base 
there  is  in  No.  7  at  a  corresponding  point  (Clark  d  7.  40-46),  being  the 
first  of  three  such  belts  which  also  are  represented  here. 

12.  Ophite  5  mm.  (97) 

(624) 
Cupriferous  amygdaloid  d  8.     304-314 
Trap    d  8.     314-394 

The  amygdaloid  is  red  and  white  with  copper  and  prehnite.     The  lower 
amygdaloid  trap  is  faint  and  occasionally  has  forms  suggesting  porphyritic 
crystals.     The  trap  is  fine  grained  and  compact  to  327,  then  at 
360,         378,         386  feet  shows  mottles 

5,  3,  2  mm.  across. 

Cf.  Manitou  f.  31 
Amygdaloid  d  8.     394-401  =  7 
This  is  well  marked, — probably  base  of  bed  above. 

13.  Amygdaloid  conglomerate  d  8.     401-438  (37) 

(651) 
Thick,  well-marked,  with  red  sediment  and  black  scoria,  and  black  and 
white  amygdaloid  fragments.     Cf.  Clark  d  7.  belt  at  126  and  46.     It  be- 
longs evidently  to  the  Houghton  conglomerate  set. 

14.  Ophite  2  mm.  (55) 

~T704) 
Trap  d  8.     438-493  =  55 
The  mottles  are:  at  460  and  470  feet. 

2  and  1-2  mm.  across. 
The  relations  of  trap  to  amygdaloidal  conglomerate  are  as  in  Nos.  2  and 
3  and  8  and  9  of  Clark  drill  hole  1 . 

At  d  8.     483-494  0.03  Cu  in  the  hanging  of  the  porous  bed. 
23 
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15.     Amygdaloid  conglomerate  d  8.     493-517, 

At  494-503  0.05  Cu;  503-521  0.03  Cu. 
Like  the  Bed  13.     Somewhere  near  the  Montreal  lode. 
Trap  d  8.     517-522 


(24) 


16. 
17. 


18. 


(728) 

(733) 
(33) 


Melaphyre 

Amygdaloid  d  8.  522-531  =  9. 

Amygdaloidal  trap  d  8.     531-555  =  24. 

At  548-560  trace  Cu. 

The  amygdaloidal  part  is  red  and  white,  the  trap  is  fine  grained  and  all 

streaked  with  amygdaloid  to  the  end.     The  contact  at  the  base  is  not  plain 

and  this  is  probably  a  gush  of  the  underlying  flow. 
Ophite  6  mm.  (113  +  17?)  (130) 

Trap    d8.     555-666  + 


From  d8. 

555-586  it 

appears 

fine  gn 

dned. 

At    590, 

597,       605, 

620, 

656, 

666  feet  the  mottles  are 

2-3, 

3,       4-5, 

5-6, 

3, 

2  mm.  across. 

At  560-570 

.25  copper. 

570-580 

1.12      " 

580-597 

.07      " 

597-614 

.06      " 

614-646 

tr      « 

646-651 

.04      " 

651-668 

.02      " 

Correlating 

d  7 .      40, 

120, 

165, 

180,        268  ft.  with 

d  8.     401, 

493, 

522, 

555,       610  ft.,  the  differences 

361, 

373, 

357, 

375,        342, 

average  364.  The  dip  will  accordingly  be  30 J°.  The  general  horizon  is 
unquestionably  that  of  the  Houghton  conglomerate  and  the  Montreal  lode. 
We  may  also  compare  d  7.     165-180  with  d  8.     401-438. 

Below  the  Allouez  conglomerate  (896)  ft. 

"    Houghton         "  (241)?  ft. 

Clark  drill  hole  7.  652  feet  south  of  No.  8,  i.  e.  4445  north  of  Breakfast  Lake, 
and  11.  57  feet  above  it  (192.74  above  Lake  Superior),  about  775  paces  N.  and  500 
W.  in  Section  8,  T.  58  N.,  R.  28  W.  The  dip  of  the  hole  is  65°  to  the  south.  Being 
33  feet  physically  lower  than  No.  8  it  should  be  about  300  feet  geologically  lower, 
and  should  certainly  lap  it  extensively.  The  correlations  above  are  satisfactory 
but  imply  a  dip  of  30^°.  Such  a  sudden  increase  suggests  a  fault.  A  northw'esterly 
fault  throwing  the  east  side  down  south  between  8  and  7  would  apparently  steepen 
the  dip. 

The  record  is: 

Overburden  ,  (40) 

13.     Amygdaloidal  conglomerate  d  7.     40-46   d  8.     401  (6) 

Perhaps  the  Houghton  conglomerate  9  or  the  crushed  top  of  the  ophite 
below. 


14.     Ophite  4  mm. 

Amygdaloid   d  7.     46-49    =3 
Trap  d  7.     49-120  =  71 

The  mottles  appear  at  57, 
They  are  1, 

Cf.  Clark  d  8.     438-493 


(74) 


d  8.  438-493 

66,         86, 

91, 

107  feet 

2,       3-4, 

3, 

1  mm,  across 
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15      Amygdaloidal  conglomerate  d  8.     120-126     d  8.     493  (6) 

It    is    brecciated.     Cf.    Clark    d    8.     401-438.     Both    are    amygdaloidal 

scoriaceous  conglomerate  and  have  a  heavier  ophite  above  than  below,  and 

an  amygdaloid  conglomerate  60  feet  below. 
16&17.     Cf.  alsodll.     Ophite  1  mm. 

Cupriferous  amygdaloid  d  7.     126-133  =  7 

Trap  d7.     137-159  =  26    d  8.     522 

Amygdaloid  d  7.     159-165  =  6 

The  amygdaloid  shows  copper  and  prehnite.     The  mottles  are  at  133  and 
145  feet,  1  mm.     Cf.  Clark  d  8.     304-401.     This  cupriferous  amygdaloid 
is  not  far  from  the  horizon  of  the  Montreal  lode  and  may  be  it. 
17      Amygdaloid  conglomerate  Clark  d  7.     165-180  =  15     d  8.     522  (15) 

Cf .  the  Montreal  lode,  also  Clark  d  8  and  d  12;  possibly  a  vem  breccia.   (124) 

18.  Ophite  5  mm.  .  .i  j 

Trap  d  7.     180-299     Cf.  d  8.     555-668:  fine  grained  to  186,  at  188  mottled; 

at 

228        252        268,       277,       295,       297  feet  the  mottles  are 

3'  5'  5,       3-2,  2,  1  mm.  across. 

Note  the  replacement  of  amygdaloid  by  amygdaloid  conglomerate.  This 
is  the  only  bed  at  aU  comparable  with  that  of  the  base  of  8.  Cf.  Man- 
itou41.  _^3- 

19.  Ophite  3  mm.  ^    ,  ^^^^ 

Brecciated  amygdaloid  d  7.     299-326  =  27 
At  d  7.     299-316     0.01  Cu 

Atd7.     316-325     trace  ^ 

Trap  d  7.     326-359  =  33 

At  337,         345,         and  350  feet  the  mottles  are 
1-2  2-3,         and      1  mm.  across,  then  finer. 

The  breadth  of  this  zone  of  amygdaloid  allies  it  with  the  amygdaloidal 
conglomerates.  ^ 

20.  Ophite  3  mm.  (41  +  30^)      (71) 

Brecciated  amygdaloid  d  7.      359-374  —  15 
At  d  7.     357-368    0.01  Cu 
368-376   0.03  Cu 
Trap      d7.      374-400  =  26 

The    amygdaloid    is    red.     The    trap    mottling    increases    to    the    end; 

at  380,         391,         400  it  is  

1  2,  3  mm.  across  (^'■^) 

Clark  drUl  hole  6.  745  feet  south  of  No.  7,  that  is  3700  feet  north  of  Breakfast 
Lake  and  1  62  feet  above  it  (182.79  above  Lake  Superior),  i.  e.  about  500  paces  N. 
and  500  W.  of  S.  E.  cor.  of  Section  8,  T.  58  N.,  R.  28  W.  The  dip  of  the  hole  is  to 
the  South  at  an  angle  of  60°.  It  is  about  at  right  angles  to  the  beds,  and  should  be 
about  320  feet  below  No.  7,  which  is  about  10  feet  higher.  If  we  correlate  the  top 
of  this  with  the  top  of  the  other  the  dip  will  be  about  30°.  There  is  an  uncertamty 
of  full  20  feet. 
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20.  Overburden  25  feet  (303) 
Ophite  d  6.     3  mm. 

Trap  d  6.     25-55?  (30  +  41  +  ?) 

Begins  coarsest,  at  25  and  50  feet  the  mottling  is  3  and  1  mm.  across. 
This  might  equally  well  be  the  base  of  18,  or  in  case  of  faulting,  higher  beds, 
but  the  beds  below  would  not  match. 

(374) 
(10?). 

21.  Amygdaloid  ?  d  6.     55-62 

At  53-71  0.03  Cu 
Trap  d  6.     62-65 

This  is  quite  likely  not  independent,  only  a  gush  of  the  overlying.  The 
amygdaloid  is  brecciated  and  not  well-marked,  the  trap  fine  grained. 

~(384) 

22.  Amygdaloid  conglomerate  d    6.     65-84  (19) 

At  71-93     0.02  Cu 

Cf.  at  the  Mandan  d  1.     648-668  268  ft.  below  the  Montreal  lode 

(403) 

23.  Ophite  7  mm.  (145) 

Trap  d  6.     84-229 

Atd6.     123-153,     177-203,     219-229  a  trace  Cu. 

At  100,       110,       117,       163,       171,       210  feet  the  mottling  appears  to  be 
2,       3-4,  3,  5,       7-8,  3  mm. 

This  reminds  one  of  the  big  flow  a  hundred  feet  or  two  above  the  Calumet 
conglomerate,  T  5f  49,  and  1124-1174  below  the  Allouez  at  the  Mandan. 

~~(548) 

24.  Ophite  '  (57) 

Amygdaloid  d  6.     229-232  =  3 
At  d  6.     229-304  trace  Cu 

Trap  d  6.     232-286  =  54  (605) 

25.  Cupriferous  amygdaloid  d  6.     286-292  =  6  (18) 

Trap  '  d6.     292-304  =  12 

It  may  well  be  that  this  belongs  with  the  flow  below,  being  separated 
merely  by  a  brecciated  belt. 

(623) 

26.  Feldspathic  ophite  (74) 

Brecciated  belt  d  6.     304-307  =  3 
Trap  d  6.     307-378  =  71 

At  327  trace  Cu.,  335-355  0.01  Cu 

367  trace  Cu. 
Trap  from  d  6.     311-358  rather  feldspathic  and  fairly  coarse;  at  355  the 
mottles  are  2  mm.  across.  (697) 

27.  (67) 
Amygdaloid  d  6.     378-379  =  1 

At  378  0.05  Cu 

Trap  d  6.     379-444  =  65 

At  395  0.01  Cu;  at  409-438  0.01  Cu 

The  trap  coarsely  amygdaloid,  then  ophitic  to  387 

(764) 
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28.     Brecciated  amygdaloidal  conglomerate  d  6.     444-448  (4) 

This  is,  I  presume,  the  Calumet  conglomerate. 
Cf.  Mandan  d  1.     901-920 

Base  below  base  of  Houghton  conglomerate.  (768)  + 

The  uncertainties  of  correlation  of  the  different  holes  at  the  level  of  the  Mandan 
ophite  and  Houghton  conglomerates  are  so  great  that  a  hundred  feet  or  two 
might  readily  be  added  to  or  subtracted  from  this. 


29. 


(31) 


Amygdaloidal  trap  d  6.     448-468  =  20 
At  449  and  467  trace  Cu 
Coarse  amygdaloid  at  d  6.     468 
Trap  d  6.     468-479=11 

from  the  base  of  the  Houghton  conglomerate  (799) 

30.     Ophite  3  to  4  mm.  (127) 

Amygdaloid  d  6.     479-490  =  11 
At  479  0.01  Cu 
Trap  d  6.     490-607  =  117? 
At  521  and  573  feet  the  mottles  are 

2  and  3-4  mm.  across. 
At  496-513     0.01  Cu;  at  532     0.01   Cu;   at  548  and  560     0.03  Cu;  at  588 
0.02  Cu;  at  602     0.03.  Cu. 


(31.)     Brecciated  cupriferous  amygdaloid  d  6.     607-617 


Trap  d  6.     617-636 

The  trap  is  fine  grained  and  rather  brecciated,  too.  This  ophite  is  thicker 
than  the  grain  would  warrant,  one  would  think,  and  the  brecciation  of  the 
amygdaloid  below  and  the  amount  of  copper  lead  me  to  suspect  a  httle 
faulting,  a  northeast  fault  throwing  the  east  side  down  to  south,  or  a  north- 
west fault  throwing  the  east  side  up  to  north. 


Clark  drill  hole  5.  931  feet  south  of  Xo.  5,  i.  e.  276  feet  north  of  Breakfast  Lake 
and  6.44  feet  above  it  (187.51  above  Lake  Superior).  The  dip  of  the  hole  is  like 
3  and  4,  60°,  practically  at  right  angles  to  the  beds,  and  it  should  be  390  to  460  feet 
(according  as  the  dip  is  25°  or  30°)  lower  than  drill  hole  6. 

Overburden,  sand,  gravel  and  broken  ledge  55  feet 
(30)     Ophite  (80 +)  (92 +) 

Trap  d  5.     55-133 

Looks  fine  grained  and  reddish,  weathered  at  58,  then  coarser 

At  88  and  123  feet  the  mottling  is 


(926) 

f  at  607 

0.64  Cu. 

1  at  623 

0.055 

^  at  633 

0.26 

1  at  634 

5.46 

[  at  636 

1.89 

3  and  1-2  mm.  (926) 

31.     Ophite  5  mm.  (126) 

Amygdaloid  d  5.     133-169  ?  =  33 

Poor,  with  intercalated^streaks  of  trap  to  169  where  is  a  hea-vy  fissure  of 
laumontite. 
Trap  d  5.     169?-251 
At  200-246  0.02  Cu 
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At  176,       186,       195,       205,       226,       236,       246  ft.  the  mottles  are 

2-3,     3-4,         4,  8  faint      2-3,       1-2,  1  mm. 

Below  the  Calumet  conglomerate,  (284) 
Below  the  Houghton  (1052) 
Below  the  AUouez  (1203) 

32.  Ophite  6  mm.  (121) 

Amygdaloid  d  5.      251-271     Calumet  amygdaloid? 
At  246-266  0.03  Cu 
At  266-284  0.065  Cu 

Near  horizon  of  Calumet  and  Osceola  lode,  but  an  abnormally  hea\7'  foot 
trap. 

Trap  d  5.      271-372 
At  284-310  0.01  Cu,  at  310-350  0.02 

The  ophitic  texture  is  imusually  well-marked  down  to  pinhead  size. 
At  278-289,  295,  300,  305,         315,  316,  350, 

1,  2,  2,  3,         7x2  and  4,        6,  1-2, 

360,       364  ft 

1,       0.5  mm. 

33.  Amygdaloid  d  5.     372-373 

Trap  d  5.  373-379 
At  356-379  0.01  Cu 
Perhaps  part  of  the  next  flow 

34.  Feldspathic  ophite  4  mm.  (91) 

Amygdaloid  d  5.         379-381  =  2  (1264) 

At  379-386   0.00  Cu 
Brecciated,  red  and  white 
Trap  d  5.  to  388  7 

Amygdaloid   d  5         388-391  =  3 
Trap  d  5.        391-470  =  79 

At  386-430  trace  Cu 
430^50     .01 
450-460     00 
460-474  trace 
Coarser  feldspathic  ophite.     Coarsest  at  about  423  to  435  when  the  aug^te 
prisms  attain  7x2  mm.,  then  finer. 
(35.)     Amygdaloid  d  5.     470-473 

Well-marked  amygdaloid  with  calcite  and  copper. 

Note  that  this  does  not  show  much  in  the  sludge  which  is  influenced 
mainly  by  trap  above. 


Clark  drill  hole  A.  544  feet  south  of  No.  5.  2225  feet  north  of  Breakfast  Lake, 
and  31.64  feet  above  Breakfast  Lake.  212.81  A.  L.  S.  Dip  of  the  hole  51°  to  the 
north. 

Overburden  about  20  feet 

31.  Ophite 

Trap  d  A.  to  190 

32.  Ophite 

Amygdaloid  d  A.     190  (Calumet  amygdaloid?) 

At  190-206     0.04  Cu;  at  225     0.03;  at  236     0.03;  at  239     0.06. 

Trap  d  A.     to  239 
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Clark  drill  hole  4.  773  feet  south  of  No.  5,  i.  e.  1996  feet  north  of  Breakfast  Lake 
and  9.14  feet  above  it  (190.30  above  Lake  Superior).  The  dip  of  the  hole  is,  like 
3  and  5,  60°. 

Overburden  about  18  feet 

33.  Ophite 

Trap  d  4.     18-43  (?) 

At  18-28  0.02  Cu 

Begins  broken  up  for  two  feet  and  at  30  feet  a  2  mm.  ophite? 

Ophite  (97) 

34.  Amygdaloid  43-50  (?) 

At  28-64  trace  Cu 
Trap  d  4.  50-140 
At    64-67     0.02  Cu  

121-146  trace  (1264) 

35.  Doleritic  ophite  12  mm.  (247) 

Amygdaloid  d  4.     140?-160 
At  121-146  trace  Cu 
Trap  d  4.     -367 

At  171-198,  227-260,  328-351,  357-370  traces  Cu 
At  253,         299,         317,         346,         363  ft. 
10,  10,  12,  5,         1-2  mm. 

Doleritic  streaks  occur  at  253  and  256-260  which  may  represent  the  weld- 
ing together  of  two  flows. 

It  is  coarsest  at  about  317,- — and  there  are  chlorite  seams. 

The  grain  is  irregular.     Cf.  Empire  b  35  (d  2.     199-360),  also  Manitou  3, 
Belts  51  to  54,  just  above  the  Kearsarge  conglomerate. 
Below  supposed  Osceola  (369)  ft. 

Below  Houghton  conglomerate  (1511) 

36.  Kearsarge  amygdaloid? 

Amygdaloid  d  4.     367-375 

Fine  grained,  with  porphyritic  crystals  and  copper  in  large  amygdules. 

Trap  d  4.     375-386 

37.  Wolverine  sandstone  d  4.     386-397  (10) 

At  385-400     0.06  Cu 

Red  sandstone  and  shale  at  first  at  84°  20'  to  core,  passing  at  391'  into 
fine  grained  conglomerate,  and  at  base  there  is  a  much  disturbed  transition 
to  trap.  At  first  this  was  taken  to  be  the  Kearsarge  conglomerate  and 
certainly  the  overlying  ophites  and  distances  to  Calumet  conglomerate, 
Osceola  amygdaloid  conglomerate,  etc.,  agree,  but  the  Kearsarge  group 
seems  largely  cut  out  of  the  section.  Presumably  the  faulting  displacements 
I  grow  greater  to  the  south  as  we  approach  the  area  of  disturbed  felsite  in- 

trusions described  by  Hubbard.  The  grain  of  the  doleritic  ophite  above 
12  mm.  at  apparently  only  50  feet  from  the  margin  is  altogether  too  coarse, 
and  is,  to  my  mind,  decided  indication  of  a  fault.  35  may  be  over  the  Kear- 
sarge or  it  tnay  be  Manitou  3,  flow  66  in  part.  Such  a  fault  (if  a  nearly 
vertical  fissure)  would,  however,  imply  a  horizontal  displacement  or  throw 
by  which  the  lower  part  of  the  section  was  moved  north  1400  feet  or  a  strike 
fault  with  a  dip  steeper  than  30°  and  a  very  considerable  uplift  of  the  lower 
part  and  drop  of  the  upper. 

Of  so  large  a  cross-throw  there  should  be  more  evidence  in  the  topography 
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than  there  is.     The  Montreal  River  valley  may  well  mark  the  course  of  some 
such  strike  faults. 


38.     Feldspathic  ophite  (1542) 

Trap  d  4.     397-450+ 
At  400-416  trace  Cu 
416-450     0.01  Cu 
At  d  4.     397-398  much  disturbed,  specked  and  decomposed  to  406. 

Much  seamed  in  various  directions;  parallel  to  the  core,  at  40°  to  the  core 
and  at  60°  nearly  at  right  angles  to  the  other,  and  also  parallel  to  the  dip? 


Clark  drill  hole  3.  754  feet  south  of  No.  4,  i.  e.  1242  feet  north  of  Breakfast  Lake, 
at  15.77  feet  above  it  (196.94  feet  above  Lake  Superior).  The  dip  of  the  hole  is 
steeper  than  in  No.  2  (60°).  As  it  is  2458  feet  south  of  No.  6  and  14  feet  higher,  it 
should  be  from  1100  to  1270  feet  lower  (according  to  the  dip  assumed)  or  592  to 
800  feet  below  the  bottom  of  it  and  573  below  the  Houghton.  The  feldspathic 
glomeroporphyritic  character  of  the  top  at  d  3.  130-140  reminds  one,  however, 
of  beds  below  the  Kearsarge,  those  exposed  in  Manitou  7  d  6  S.,  Nos.  89-91.  In 
that  case  the  heavy  bed  above,  No.  35,  might  also^be  compared  with  Manitou  7  b. 
80  or  82. 

Overburden,  sand  and  gravel  22     (1543)? 

(38)       Feldspathic  ophite  or  melaphyre  (112-1- ?) 

Trap  d  3.     22-140j 

At  22-37  trace  Cu 

The  trap  gets  finer  from  112  on  and  from  130-140  is  markedly  glomero- 
porphyritic.    Cf.  Manitou  d  7.  b  59  (1655) 
39.     Feldspathic  ophite  141 

Brecciated  veined  (amygdaloid  ?)  d  3.     140-143 

Amygdaloid  trap  d  3.     -156 

The  trap  is  a  chloritic  feldspathic  ophite,  coarsely  amygdaloidal 

Trap  d  3.     -281 

At  185-213  0.02  Cu 
213-230  trace 
230-324  0.02 


40.     "Amygdaloid"  d  3.     281-287  (1796) 

"Trap"  d  3.     282-294  (13) 

1.     Amygdaloid  conglomerate  9 

"Amygdaloid  and  sandstone"  d  3.     294-303  (1818) 

"Trap"  d  3.     303-306  3 

(42.)     Feldspathic  ophite  (1821) 

Amygdaloid  d  3.     306-310 
Trap  d  3.     310-467 
At  407-433  trace  Cu 
433-453  0.02  Cu 
453-467  trace 
Equivalent  to  d  2.     13-248  presumably 

If  No.  37  were  the  Kearsarge^conglomerate,  Manitou  3  b  5  6,  this  would 
be  Manitou  3  b  6  6. 
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Clark  drill  hole  2.     500  feet  north  of  the  Breakfast  Lake  datum  and  27.02  feet 
above  it  and  208.19  feet  above  Lake  Superior.     Its  dip  is  52°. 

A  correlation  of  Hole    1.199-206-218  with  2.467-487  seems  close,  also 

1.152  2.421 

1.110  2.378 

1.84  2.353 

No.  2  at  32  feet  would  be  on  a  level  with  the  beginning  of  No.  1  and  466 

feet  from  it. 

The  dip  to  be  inferred  would  be  30°i  (302?) 

42.     Doleritic  ophite  7  mm. 
Trap  d  2.     13-248; 
At  108-143  and  240-256  trace  Cu 

The  hole  begins  at  13  in  a  coarse  mottled  (6-5)  ophite  and  at  d  2.20  is 
dolerite  which,  we  assumed,  corresponds  to  d  3.380.  This  would  make  the 
top  of  this  flow  about  correspond  to  d  3.281-306,  thus  making  d  3.306-467 
and  d  2.     13-248  one  thick  flow. 

At  13,         32,         35,         50,         233  feet  the  mottling  is 
4-5  5^  7,  7,         2-3  mm.  respectively 

But  the  augitic  mottling  is  scanty;  the  doleritic  streaks  frequent  and 
coarser  toward  the  center.     Doleritic  seams  occur  at  20,  22,  (with  2-3  mm. 
feldspar)  31,   (3  mm.  feldspar)  38,  48,  50-53,  117-118  feet.     It  is  heavily 
seamed  with  laumontite  at  62-67;  at  38  is  a  minute  speck  of  copper. 
43.     Feldspathic  amygdaloidal  melaphyre  52 

Amygdaloid  d  2.     248-257  =  9 
At  240-292  trace  Cu 
292-311     0.02  Cu 
Amygdaloidal  trap  d  2.     257-300  =  43 

Beginning  in  a  red,  fine  grained,  chloritic  amygdaloid,  then  at  256  veined, 
brecciated,  sihceous,  then  (from  257  on)  coarse  feldspathic  with  grey  and 
white  amygdules  at  first,  then  coarsely  feldspathic,  with  green  amygdules 
and  a  doleritic  appearance,— coarsest  at  272,  then  growing  finer. 
44.     Feldspathic  melaphyre  (glomeroporphyritic  ?)  (53) 

Amygdaloid  d  2.     300-302 
At  292-329  0.02  Cu 

Markedly  fine  grained,  then  coarser  caleitic. 
Trap  d  2.     302-353;  cf.  Hole  1-78. 

At  d  2.     308  seamed  and  possibly  with  porphyritic  crystals  (10  mm.  or 
so).     Beside  that  1  to  2  mm.  feldspar  on  red  ground. 
At  325 J  greenish,  chloritic,  altered. 
At  328  a  prehnite  copper  seam. 

At  339  prehnite  seams  and  the  rock  is  specked  to  356. 
To  351  reddish  feldspathic. 
Cf.  Manitou  7.  b.  90 

(45)  Feldspathic  melaphyre  (25) 

Amygdaloid  d  2.     353-370  with  white,  then  green,  irregular  amygdules  like 

d  2.     300. 
Amygdaloidal  trap  d  2.     370-378  (cf.  1  to  104). 
Feldspathic  with  chlorite  amygdules,  inclining  to  doleritic  tj-pe. 

(46)  Amygdaloid  d  2.     378-388;    d  1.     104-112  (43) 

Well-marked  to  382;  with  maroon  base  and  small  white  amygdules  chang- 
ing to  coarse  feldspathic  with  chlorite  amygdules. 
Trap  d  2.     388-421;  d  1.     112-152 
Coarse  feldspathic 
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(47)  Amygdaloid  d  2.     421-425;  d  1.     152-166  (46) 

and 

(48)  Red  and  white,   with  seamed  laiunontite  contact  becoming  chloritic  and 

coarser  at  base. 

Trap  d  2.     425-467;    d  1.     166-199 
49.     Sandstone  and  amygdaloid  conglomerate  d  2.     467-487;  d  1.     129-218  (20); 

All  along  from  d  2.     453-496  a  trace  of  copper,  and  at  d  1.     216  trace 

Dark  brown  to  red  with  fragments  of  black  and  white  amygdaloid  at 
first  not  very  abundant.  The  bedding  is  practically  perpendicular  to  the 
hole.  There  are  also  seams  at  23°  to  core  perhaps  about  vertical  that  fault 
the  sandstone  bands  a  few  millimeters.  There  is  more  and  more  enclosed 
amygdaloid  toward  base. 
(50)     Amygdaloidal  ophite  (80) 

Amygdaloid  d  2.     487-490  =  d  1.     218 

Of  same  type  as  the  pebbles  in  the  bed  above. 
At  d  2.     482-496  trace  Cu 
Trap  d  2.     490-493 
Amygdaloid  d  2.     492-511 
At  d  2.     482-521  trace  Cu 
Trap  ?  d  2.     511-514. 
Amygdaloid  d  2.     514-540. 
Trap  d  2.     540-567 
Atd2.     538-560  trace  Cu. 

The  amygdaloid  is  of  the  same  type  as  the  pebbles  in  the  conglomerate 
above.  The  bottom  trap  is  a  fine  grained  ophite,  with  mottles  at  554  feet 
I  to  1  mm.  across. 

Beds  51,  52,  and  53  are  found  only  in  drill  hole  1 
(54?)     Ophite  i  mm  ?  (31?) 

Amygdaloid   d  2.     567-573  =    6  ' 

Trap  d2.     573-598  =  25 

The  amygdaloid  is  well-marked  but  many  of  the  amygdules  are  empty; 
at  573-598  is  ^  mm.  mottling. 
Amygdaloid  d  2.     598-600, 


Clarh  drill  hole  1.     15  feet  north  of  Breakfast  Lake  and  31  feet  above  it,  i.  e. 
184.27  A.  L.  S.     Dip  of  hole  52°  to  S. 

(44)     Feldspathic  ophite  (10  4- ) 

Trap  d  1.     68-78  =  d  2.     to  353 
Begins  coarse  with  1-2  mm.  feldspars 
At  74  feet  is  a  seam. 

Toward  the  base  it  grows  fine  grained  and  in  a  way  glomeroporphyritic. 

45.  Glomeroporphyrite  26 

Amygdaloid  d  1.     178-94;  d  2.     353-370 
Poor,  red,  with  small  porphyritic  crystals 
Trapdl.     94-104;  d  2.     370-378 
Feldspar  and  chlorite  conspicuous 

46.  Feldspathic  ophite  (48) 

Amygdaloid  d  1.     104-112;  d  2.     378-388 

Grey,  markedly  brecciated  (108-110),  coarse  with  porphyritic  crystals  of 
feldspar 

At  113-128  0.03  Cu 
128-148  0.02  Cu 
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Trap  d  1.     112-152 

in  No.  2  hole  none 
Chloritic,  angular,  doleritic;  toward  134-144  coarsest,  feldspathic  slightly 
ophitic. 

47.  PorphjTitic  melaphyre? 

Amygdaloid  d  1.     152-166  =  14 

Fine  grained,  with  small,  white  amygdules  on  red  ground,  and  also  what 
appear  to  be  pseudomorphs  of  altered  feldspar. 
Trap  d  1.     166-189 
Cf.  Beds  116  to  123  of  the  Manitou  section. 

48.  Amygdaloid  d  1.     189-196 

Well-marked,  and  at  193^  almost   conglomerate,    with  small  amygdules, 
chlorite  and  laumontite  and  calcite. 
Trapdl.     196-199  =  3 
Fine  grained  black 
Quite  probably  not  a  separate  flow. 
.49.     Sandstone  dl.     199-206  =  2.     467-487 

Amygdaloid  and  amygdaloid  conglomerate  d  1.  206-218  brown,  then 
red,  with  amygdaloid  204-6  and  at  base  a  conglomerate  of  chloritic  grains; 
angle  with  hole  11^°,  probably  indicating  a  dip  near  26°  rather  than  one  of 
48°.     In  many  respects  d  1 .     152-206  resembles  d  4.     367-397. 

Amygdaloid  or  amygdaloid  conglomerate  from  d  1.     206-218  evidently 
corresponds  to  the  lower  part  of  d  2.     467  to  487. 
50.     Amygdaloidal  melaphyre.  (59)  ^^ 

d  1.     206-218  may  be  amygdaloidal  top  of  50  or  bottom  of  49 
At  199-216  trace  Cu. 

Trap  d  1.     218-227  trap,  fine  grained  prehnite  amygdules,  porphyritic. 
Amygdaloid  d  1.     227-228,  marked,  but  -n-ith  small  amygdules. 
Amygdaloid  and  trap  d  1.     228-236 
Amygdaloid   d  1.      236-241 
Trap  d  1.      241-243 

Amygdaloid   d  1.      243-245 

Amygdaloid   d  1.      245-259  .'    . 

Trap  d  1.      259-265 

51.  Amygdaloid  conglomerate  d  1.     265-275  (10) 

Red  matrix  and  dark  amygdaloid  pebbles. 

In  No.  1  this  was  not  noticed  and  the  question  whether  it  is  a  fault  breccia 
might  be  raised. 

52.  Trapdl.     275-282. 

53.  Amygdaloid  d  1.     282-289. 

Strong  with  small  white  (calcite)  or  pink  laumontite  amygdules. 
Amygdaloidal  melaphyre  d  1.     289-295. 

54.  Ophite,  faulted,  3  mm. 

Amygdaloid  d  1.     295-301. 
Likedl.     282-289 
Clasolitic  amygdaloid  d  1.     301-304 
Amygdaloid  d  1.     204-325 
Trapdl.     325-437. 
At  d  1.     364-376  and   at  399-410  0.03  Cu,  evidently   connected   with  the 

chlorite  seams. 

At  d  1 .     346  the  mottles  are  white  and  red. 
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At  337,         341,         346,         351,         358,         364  feet  the  mottles  are: 

1,       1  to  2,       1  to  3,         2,  3,       1  to  2   mm.,   then   from  367- 

398  heavily  seamed  with  chlorite,  and  mottled  about  the  same,  2  mm. 
At  412  and  420  feet  the  mottles  are: 

2  to^3,  and  3~mm.   and  at  430  an  interesting  piece  of  core  shows  a  seam 
with  2  mm.  mottles  on  one  side,  ^  mm.  on  the  other. 
Cf..d  2.     573-598.     Then  it  is  fine  to  end. 
At  d  1.     410  to  425  trace  Cu. 

55.  Amygdaloid  d  1.     437-440. 

At  425-444  0.03  Cu. 

Hard,  very  minute  amygdules,  light  red. 
Amygdaloid  trap  d  1.     440-457. 
Compact,  with  minute  amygdules. 

56.  Amygdaloid  d  1.     457-459. 

Trapdl.     459-468. 

Same  type  as  at  d  1.  437,  peculiar,  epidotic  and  siHceous,  passing  into  a 
regular  porphyrite,  with  small  2-3  mm.  green  altered  feldspar  laths  on  a  red 
ground,  like  the  Ashbed  type. 

Cf.  Manitou  b  90-91  and  116-117  and  Central  mine  belts  97-115  which  are 
1577  to  2975  feet  below  the  Wolverine  sandstone 
2773 


4350     5748  ft.  below^  the  Houghton  conglomerate. 

57.  Amygdaloid  d  1.    468-470. 

Trap  d  1.     470-490. 

58.  Feldspathic  ophite  5  mm.  (133) 

Amygdaloid  d  1.     490-499. 

At  first  brecciated  and  clasolitic   Q.ike  amygdaloid  conglomerate)   then 
chloritic. 

Trap  d  1.     499-622. 
Feldspathic,  growing  coarser. 
At  520,         540,         560,         619  feet  the  mottles  are 

2,  4,  5,  2?    mm. 

At  d  1.     590-609     0.02  Cu. 

59.  Feldspathic  ophite.  (37) 

Amygdaloid  d  1.     623-630. 

Coarse,  poor,  calcitic. 

Trap  d  1.     630-660. 

Reddish,  with  laumontite  seams. 

60.  Feldspathic  melaphyre.  (72) 

Amygdaloid  d  1.     660-669. 
Trap  d  1.     669-732. 

Feldspathic,  with  chloritic  seams  and  a  bomb. 

61.  Melaphyre.  (15) 

Amygdaloid   d  1.     732-738. 
Trap  d  1.     738-747. 

Dark  green.     Is  this  a  sign  it  is  near  a  fissure? 
Note  the  Cu;  at  720-765     0.02  Cu. 
02.     Ophite  5  mm.  (HI) 

Amygdaloid   d  1.     747-750. 
Trap  d  1 .     750-858. 

At       794-807     0.03  Cu. 
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807-813  trace  Cu. 

At      770,  787,        790,       811,       830-838,       847  feet  the  mottles  are 

2-3  mm,    5-7,  5,  5,  3,  2;mm. 

63.  Sediment  shading  into  red   amygdaloid  conglomerate'd  1 .     858-860. 

At  842-858  0.02  Cu,  though  none  was  reported  from  858-936. 

64.  Feldspathic  ophite  3  mm.  C^^) 

Amygdaloid   d  1.     860-863. 
Trap  d  1.     863-938. 

Seamed  d  1.  863-866.  At  d  1.  876,  2-5  mm.  mottles;  at  897-900 
probably  an  altered  seam,  but  like  those  puzzling  amygdaloids  above,  looks 
felsitic,  red  and  white  speckled. 

65.  Sandstone  d  1.     938-943 

An  amygdaloid  conglomerate  or  clasolite. 

All  sandstone  d  1.         938-940. 

At  939-961  trace  Cu. 

With  amygdaloid  d  1.     940-943. 

66.  Trapd  1.     943-947. 

67.  Epidotic  seam  and  fine  grained,  doubtfully  a  new  belt  d  1.     947-950 

Mottled  trapd  1.     950-960. 

68.  Scoriaceoustopd  1.         960-961.  32 

At  961-972     0.02  Cu. 

Amygdaloid   d  1.     961-965. 

Trap  d  1.  -992.  (15) 

69.  Amygdaloid  d  1.         992-996. 

At  972-984  trace  Cu. 
Trapdl.     990-1007. 

70.  Scoriaceous  amygdaloid  or  amygdaloid  conglomerate  d  1.     1007-1012 

At  1001-1011     0.02  Cu. 

On  the  whole  Manitou  7-5  and  6-5  correspond  to  Clark  3  and  4,  and  Mani- 
tou  7-8  and  9  S,  with  feldspathic  smaller  beds  to  Clark  Hole  No.  1. 
Seamed  dl.     863-866.     At  876  2-5  mm.  mottles. 

The  lowest  beds  of  this  Clark-Montreal  section  should  ontcrop 
about  1,600  feet  south  of  Breakfast  Lake.  It  is  just  about  a  mile 
from  Hole  1  to  the  Bohemia  conglomerate  at  the  center  of  Section 
22,  T.  58  N.,  R.  28  W.,  from  which  point  Hubbard  had  studied  the 
cross-section  pretty  carefully.  Assuming  the  dip  to  be  30°,  this 
would  give  2,640  feet,  of  which  Hole  1  covers  1,012,  leaving  un- 
explored thereby  1,628  feet  and  probably  more,  as  according  to 
Hubbard,  the  Bohemia  conglomerate  dips  nearer  54°.  In  this  in- 
terval should  be  the  horizon  of  the  Arcadian-Isle  Eoyale  lodes.  The 
beds  of  Hole  1,  feldspathic  ophites,  are,  in  fact,  not  unlike  the  belts 
of  the  Arcadian  section.  Holes  4  and  22,  belts  76-83,  just  above  the 
Isle  Royale.  In  the  interval  are  some  outcrops  but  no  continuous 
section  has  been  made.  No  conglomerates  or  sandstones  are  known. 
The  lower  200  paces  contain  traps  and  conglomerates  and  ^e  then 
have,  using  Hubbard's  letters  and  Plate  III  of  Vol.  A'l,  Part  II : 
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O.     Felsitic  conglomerate 
N.     Melaphyre  one  or  more  thin  beds 
M.     Felsitic  conglomerate 
L.     Felsite,  spherulitic  Sp.  17037 
Mt.  Houghton  felsite. 
Conglomerate 
(K,  M  and  O  merge  and  make  up  the 
Bohemian    conglomerate,    loc. 
cit.  p.  28)  No.  8 
Felsite  Sp.  17030  A,  amygdaloid 
Conglomerate  and  breccia  of  fel- 
site at  top,  and  basic  or  amy- 
gdaloid conglomerate  at  base, 
No.  7? 
Felsite    porphyrite     Sp.     17039, 

amygdaloid 
Conglomerate,  amygdaloidal.  See 

Plate  III  b. 
Porphyrite,    Sp.   17033,   amygda- 
loid,  andesitic,   microlitic 
I)  to  B.    9  melaphyres  with  amygda- 
loid or  amygdaloid  conglomer- ' 
ate    tops.      These    amygdaloid 
conglomerate  tops  under  Con- 
glomerate 6   are  marked   also 
around  Portage  Lake.     It  will 
be  noted  that  they  grow  more 
massive.  They  are  respectively 
about 


K 


J. 
H 


G 


F 


E 


A.     Heavy  ophite :  continues  through 
to  Mt.  Bohemia.    Cf.  the  Men- 
dota   section,    and    the    Mabb 
ophite. 
Total? 


20  paces  37  ft. 

50  paces  93      130 

240  paces  &  less  84      214 

330  paces  615      829 


20  paces 


50  paces 


20  paces 
15  paces 
15  paces 
40  paces 
15  paces 
20  paces 
30  paces 
70  paces 
60  paces 


37   866 


93  •  959 


25  paces 

46 

1004 

40  paces 

74 

18 

1078 

LO  paces 

60  paces 

112 

37  1115 

28  1143 

28  1171 

74  1245 

28  1273 

37  1310 

56  1366 

130  1496 

112  1608 


100+ 
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§    3.      EMPIRE.      (See   Fig.    24    in   envelope.) 

The  next  section  in  order  is  that  of  the  Empire,  about  314  miles 
west.  The  beds  above  the  base  of  the  Greenstone  are  probably 
about  as  before.  The  Greenstone  and  Allouez  conglomerate  were 
just  missed  in  the  drilling,  but  are  placed  in  Figure  24  from  my 
field  notes  and  observations  on  the  grain  of  the  Greenstone  at  its 
nearest  exposure  in  the  bluff  north  of  the  section. 

The  section  is  not  far  from  the  Old  Iron  City  vein  of  Whitney, 
Hill  and  Stevens.  There  was  a  "Manitou"  on  Section  8  and  a 
"Cape"  on  the  west  part  of  Section  7,  working  cross-veins  just 
•below  the  Greenstone. 


9. 
10. 
11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
21. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
28. 
30. 

31. 
32. 
33. 
35. 

38. 


Abstract  of  Empire  Section. 
Missed  Allouez  conglomerate. 

1.     28-37 

105-175         Felds.  Oph.  Faulted    (8  mm.) 


1.     295-365      " 
77      " 
1.     451-462 

1.     462-548  78      Oph. 


(7  mm.) 
(5  mm.) 

(7  mm.) 


410 


Houghton  1.     629-643  ,  585 

Oph.  (1-2  mm.) 
Acg. 

Oph.  (2-3) 
Acg. 

Acg. 
Oph. 

Montreal     193 
Acg.  &  O.  (6  mm.)    (140) 

Oph.  (  68) 

Oph.  .(  85) 

Acg?  (  43) 

Oph.  (7  mm.)  (130) 

(  63) 
Cahimet  conglomerate  4.     600-606  M.  f.  44 

710 
Feldsp.  Oph.  (7  mm.)     (140)     320 

Gap  in  section.     M.  f.  49     300  feet?     Including  perhaps  Osceola  Am. 
Osceola? 


Dol.  Oph.     (7-10)     (141) 
Kearsarge  conglomerate 


424' 
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39.  744 

41.  Sediment 

42.  Dol.  ophite  (162) 

43.  Epidotic  sandstone 
45. 

47. 
48. 

50.  Ophite  2.1091     (160+)  45.5 

Gap  in  section  in  which  is  Wolverine  and  Kearsarge  Amygdl. 

51.  (400+) 

52.  Congl.  5.     715-720  1020 
53. 

The  Empire  section  of  Keweenaw  Copper  Co.  is  on  the  north  and  south  hne  in  the 
old  "Empire"  and  Wyoming  mining  properties  1500  paces  west  in  Section  14.  T. 
58  N.,  R.  28.  W.;  The  0  of  the  section  is  on  the  Greenstone  Range  at  an  elevation 
of  572  A.  T.  From  notes  furnished  by  the  engineer,  A.  H.  Sawyer,  examination 
of  the  cores  and  trip  of  Aug.  1907.,  by  A.  C.  Lane,  Contractors  Longyear  and  Hodge, 

Empire  drill  hole  ^  is  on  a  flat  450'  above  Lake  Superior  and  is  700'  south  of  the 
N.  line  of  14,  2000'  N.  of  Montreal  River.  No.  1  seems  just  to  have  missed  the  base 
of  the  Allouez  conglomerate,  which  is  thus  600  or  700  feet  farther  south  than  in- 
dicated on  Plate  IV  of  Volume  VI,  Part  II. 

It  is  700  ft.  south  of  the  section  0,  while  at  about  3  +  98'3  of  the  section  the  mot- 
tling is  10  mm.,  rapidly  increasing  as  we  go  up  a  26°  slope,  to  say  35  mm.,  at  176  to 
200'  N.  Of  the  road  which  is  154'  N.  of  the  hole,  i.  e.  350'  south  of  0  of  the  section. 
On  the  other  hand  the  grain  shows  that  the  hole  could  have  but  barely  missed  the 
conglomerate.  The  dip  of  the  correlation  of  the  Houghton  conglomerate  is  25°, 
which  agrees  well  with  26°  found  N.  of  Breakfast  lake.  The  reduction  factor 
from  depth  to  thickness  is  .906 

1.  Melaphyre  (16) 

Trap  d  1.     9-28  =  18 

2.  Ophite  (70) 

Amygdaloid  dl.     28-37  =  9 

The  amygdaloid  is  coarser  from  29-33,  and  brecciated  perhaps  at  31 
Trapdl.     37-105  =  68 

The  trap  shows  3-4  mm.  mottles  at  99 

3.  Ophite  (shattered)  (64) 

Amygdaloid   d  1.     105-107  =  2 
Trap  d  1.     107-175  =  68 

This  shows  at  128  a  5  mm.  mottling,  at  160  8  mm.  (?),  and  remains  a 
coarse  feldspathic  ophite  to  167,  when  it  passes  a  fault,  and  is  suddenly 
finer. 

4.  (25) 
177-185  =  8  ■  , 
185-204  =  19 

(36) 
204-209  =  5 
209-244  =  35 
At  230  has  3  mm.  mottles?,  at  base  brecciated. 


Amygdaloid 

d  1. 

Trap 

dl. 

Ophite 

Amygdaloid 

dl. 

Trap 

d  1. 
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5.  (46) 
Amygdaloid   (1  1.     244-250  =  6 

Trap  dl.     250-295  =  45 

The  hole  crossexi  at  280  a  vein  at  an  angle  of  30° 

6.  Ophite,  feldspathic  (64) 

Amygdaloid  d  1.     295-312  =  17 
Trap  d  1.     31 2-365  ?=53 

The  trap  has  7  mm.  mottles  at  335,  4  to  5  at  355,  while  at  357  there  are 
signs  of  a  slide  and  finer  grain. 

7.  Feldspathic  ophite  (77) 

Amygdaloidal  trap  passing  into  feldspathic  ophite  d  1.     365-409  =  44 
This  may  be  part  of  the  bed  above,  disturbed  by  faults 

At  404  is  a  prehnite  seam. 

Chloritic  amygdaloid  d  1.     409-415  =  6 

At  d  1.     423  is  a  marked  seam  with  a  slip  at  45° 

Trap  d  1.     415-451  =  36  410 

Mottles  up  to  5  mm. 

8.  (10) 
Amygdaloid   d  1.     451-456  =  5 

Trap  d  1.     456-452  =  6 

9.  Ophite  (78) 

Amygdaloid  (poor)   d  1.     462-476  =  14 

Trap  dl.     476-548=72 

Seams  at  45°  to  core;  at  491  7  mm.  mottles,  at  520  5  mm. 

Apparently  partly  cut  out. 

10.  Amygdaloid  d  1.     548-554  =  6  (32) 

Amygdaloid  trap       d  1.     554-576  =  22 
Fine  trap  d  1.     576-583=7 

The  whole  group  of  beds  above  or  at  least  8-10  seem  to  represent  the 
Mandan  ophite  disturbed  by  faults  with  a  steeper  dip  than  the  beds,  i.  e. 
about  45°. 

11.  Ophite  (42) 

Amygdaloid   d  1 .     583-584  =  1 

Trap  dl.     584-629  =  45 

Brecciated,  1-2  mm.  mottles.     Cf.  Clark  8.    (see  p.  176)     254-304,  No.  12. 

12.  Houghton  conglomerate.  (13) 

^(585) 


Amygdaloidal  conglomerate  d  1.  629-643  =  3.  60  to  73.  The  dip 
according  to  this  correlation  is  24.5°.  Dark  red,  brecciated.  Cf.  750 
feet  at  the  Delaware,  576  at  the  Mandan  &  Medora  d  12,  540,  689  feet 
at  the  Central. 

13.  Ophite  (37) 

Trap  d  1 .     643-683  =  40  and  d  3.     7.3-108  =  35 
Mottles  1  to  2  mm. 

14.  Amygdaloid     conglomerate?     First     below    Houghton.     See    brecciated 
(0  to  16),  amygdaloid  below. 

15.  Ophite  (62) 

Amygdaloid,  brecciated  d  1.     683-686  =  3 
Trap  d  1 .     686-751  =  65 

Cf.  d  3.     108-183  (14  and  15)  =  75 

The  mottles  are  3  nun.  at  d  1.     722  feet,  and  2-3  mm.  at  d  3.     152  feet. 
25 
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16  to  18.     Amygdaloid  conglomerate.     Second  below  Houghton  "    (41) 

Brecciated  d  1.     751  to  796  =  45 
There  is  a  speck  of  copper  at  793.     This  heavy  bed  corresponds  to  16, 

17  and  18  in  No.  3.     Is  this  the  Montreal  lode  or  the  one  above? 
19     Ophite  (55) 

Trap  d  1.     796-855 

Coarsest  at  833.     Total  below  the  Houghton  conglomerate.     212     (193) 
20.     Ophite,  the  Montreal  and  foot. 

Brecciated  amygdaloid  d  1.     855-860 

Trap  d  1.     860-907 

All  ophite  up  to  5  mm.  across. 


Empire  drill  hole  3.     303  above  Lake  Superior  on  flat  at  foot  of  well-marked  ter- 
race front.     1625  feet  S.  of  beginning,  i.  e.  925  feet  S  of  Hole  1.     Dip  90°.     Dip  of 
beds  about  25°  as  before,    though  he  correlation  with  the  Houghton  conglomerate 
in  No.  4  would  give  nearer  30°.     Reduction  factor  about  0.82  to  0.88. 
(9  or  11)     Ophite 

Trap  d  3.     22-60  =  38 

Getting  finer  from  5  mm. 

12.  Houghton  conglomerate  60-73,  greenish  massive  at  top,  then  dark  red  and 
black  amygdaloid  conglomerate. 

13.  Ophite  (32) 

Trap  d  3.     73-108  =  35 

Specked,  decomposed,  original  weathering?  to  78',  mottles  at  83  and 
100  feet  are  1  mm.  across. 

14.  Amygdaloid  conglomerate.     First  below  Houghton.  (16) 

Brecciated  d  3.     108-126  =  18  (48) 

15.  Ophite  (52) 

Amygdaloid  trap  d  3.     126-133  =  7  (101) 

Trap  d  3.     133-183  =  50 

Mottles  are  2,  3-2,  and  2  mm.  at  144,  152  and  170  ft.  respectively. 

16.  Amygdaloid  conglomerate?     Second  below  Houghton. 

17.  Ophite  (33) 

Brecciated  amygdaloid  d  3.     183-193  =  10  (134) 

Amygdaloid  trap  d  3.     193-200  =  7 

Trap  d  3.     200-219  =  19 

Mottles  at  207     1  mm. 

18.  Amygdaloid  conglomerate?     Third  below  Houghton. 

19.  Ophite  (62) 

Very  brecciated  amygdaloid  d  3.  219-226  =  7 
Skeined  amygdaloid  trap  d  3.  226-231  =  5 
Trap  d  3.     231-287  =  56 

At  265  is  a  seam  dipping  25°-26°,  then  it  is  finer  with  mottles  2-3,  2, 
and  1  mm.  at  261,  271  and  280  feet  respectively. 
Total  below  Houghton  conglomerate  214=  (195)  ft, 

20.  Montreal  lode  ophite.     Fourth  below  Houghton 

Brecciated  amygdaloid  d  3.     287-311  =  d  1.     855-860  =  d  4.     12-47? 
Ophite  d  3.     320-h=dl.     860-907  +  40 -H  =  d  4.     47-168 

This  is  a  marked  ophite.  Cf.  Clark  d.  6.  84  to  229?  In  the  Manitou  3 
section  it  is  (224)  feet  from  the  base  of  the  Houghton  conglomerate  to 
the  Montreal  lode  and  it  is  the  third  below  the  Houghton.     On  Manitou 
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7  it  is  supposed  to  be  only  (150). from  the  top  of  the  Houghton,  with  a 
heavy  ophite  beneath.  At  the  Medora  d  12.  743,  d  2.  277,  d  1.  350, 
d  9.  365,  d  3.  339  are  the  depths  to  the  top  of  a  fairly  persistent  amyg- 
daloid with  a  good-sized  ophite  beneath, — something  like  200  below  the 
Houghton. 

As  d  3.  73  =  d  1 .  643  and  d  3.  287  =  d  1 .  855,  the  almost  identical 
length  of  the  holes  of  the  same  thickness  of  the  beds  would  indicate  almost 
the  same  dip.  (335) 


Empire  drill  hole  4  is  at  2067  of  the  section  542'  S.  of  3.  Its  elevation  is  282' 
above  Lake  Superior.  Dip  90°.  The  dip  of  the  bed  is  probably  25°  to  30°  and  a 
reduction  factor  of  .88  may  be  nearly  right.  The  Montreal  lode  correlation  implies 
a  dip  of  28.5°  and  that  with  No.  2  Hole  29°. 

Surface  12 

(20)    Montreal  lode  ophite  d  4.     12-168  =  3.     287+  (137) 

The  well-defined  mottling  is  respectively 

1,       U,         2,       2-3,         3,       8x3&4,         4,         5,  6  mm. 

at       50,       55,       58,         70,       82,  87,  90,       99,       107, 

5,       4-5,       5-6,  4-5,  2,  1,  h,    mm.  at 

111,       120,       141,  136,       147,    ■    158,         164    feet,    indicating    a 

rate  of  increase  of  something  like  1  mm.  in  10  (9)  feet,  or  1  :  2,750  = 
.00036.  From  12-47  it  is  fine  grained  specked  with  a  little  copper  at  19 
feet,  amygdaloidal  and  ophitic,  evidently  the  eroded  top  of  a  flow. 

21 .  Ophite  (66) 

Amygdaloid  d  4.     168-171  =  3  (398) 

Poor,  brecciated  red  and  white. 
Trap  d  4.     171-243  =  72 

The  trap  is  fine  grained  brecciated  to  180  where  the  mottling  begins 
to  be  noticeable.  It  increases  to  218,  then  becomes  finer  and  is  beauti- 
fully developed. 

22.  Ophite  (84) 

Poor  amygdaloid  cl  4.     243-256  =  13  (482) 

Trap  d  4.     256-338  =  82 

Coarsest  about       d  4.     301-313 

23.  Amygdaloid  conglomerate?  (43) 

Brecciated  belt  d  4.     338-386  =  48 

This  is  a  broad  brecciated  and  amygdaloid  belt.  It  is  not  distinctly 
conglomeritic,  but  too  thick  for  a  normal  amygdaloid.  This  with  the 
heavy  ophite  below  represents  a  persistent  coarse  ophite.  Medora  d  1. 
648-835  (7  mm.) ;  d  3.     653  to  812,  M.  d  3.     620-749  (7  mm.)  Clark  flow  23. 

24.  Ophite  (126)      (524) 

Trap  d  4.     386-530  =  144?  + 

Irregularities  in  grain  seem  to  indicate  disturbance.  It  is  coarse  close 
under  the  brecciated  belt.     The  mottles  are  respectively 

7,  4  to  8,         3  to  4,  mm.  across  at 

447,         449-492,  490 

It  is  finer  about  530-537  but  there  is  no  well-marked  amygdaloid,  but 
fine  trap.  (650) 

25.  Ophite  (63) 

Trap  d  4.     530-537 
d4.     537-600 
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Coarsest  at  569  feet,  with  4-5  mm.  mottles.  The  top  is  a  fine  grained 
A'eined  ophite. 

A  bed  about  60  feet  thick  over  the  Calumet  occurs  in  the  Medora  and 
Delaware  sections,  and  in  the  Central  Mine,  where  it  is  also  No.  25;  at 
"the  Clark  Montreal  it  is  No.  27.  (705) 


26.  Calumet  conglomerate  (6) 

Conglomerate  d  4.     600-606 

At  d  4.  601  felsitic.  There  is  copper  in  the  conglomerate  and  in  the 
hanging  (710) ' 

At  the  Central  the  distance  base  of  Houghton  to  base  of 

Calumet  is  815 

At  the  Delaware  (Manitou) 

Calumet  is  745 

At  the  Medora  ,        "       "  "  "       "       " 

Calumet  is  710 

At  the  Clark  Montreal  "       "  "  "       "       " 

Calumet  is  728 

27.  Foot  of  Calumet  conglomerate.     Ophite  (69) 

Brecciated  d  4.     606-620  ==  14 
Trap  d4.     620-682  =  62 

Cf.  M.  2.  S.     88-172,  at  Calumet  109  ft.  thick,  Medora  d  10.     194-245?, 

Clark  6.     448-479. 

28.  Feldspathic  melaphyre  (111) 

29?    Poor  amygdaloid  d  4.     682-688  =  6  (180) 

Trap  d  4.     655-805  =  117 

The  trap  is  generally  fine  grained,  from  722  seamed  and  at  733-742 
brecciated,  only  faint  ophitic.  There  may  be  a  contact  at  733;  cf.  M. 
d  3.  2.  S.  244-250,  Clark  d  6.  479-607.  At  Calumet,  too,  the  next  160 
feet  are  sometimes,  not  always,  counted  together. 

30.  Feldspathic  ophite.     "Calumet  amygdaloid"  and  foot?  (140) 

(320) 
Amygdaloid  d  4.   805-813  =  8 

813-948  =  135 
From  817  on  some  ways  many  laumontite  seams.     The  mottles  are 
respectively 

3,  7,         and  1  to  2  mm.  at 

845,         880,         and  940 

below  which  it  is  fine  grained  and  specked.     Cf.  M.  d  3.  2.  S.     334-459, 
Clark  d  6.     607-)-.     At  Calumet  it  is  130  feet  thick. 

31.  "Osceola"  and  foot  ophite,  or  more  probably  Calumet. 

Amygdaloid  d  4.     948-970 
Brecciated,  poor,  chloritic. 

Is  this  the  Osceola  or  Calumet  amygdaloid?  The  hanging  of  the  "Os- 
ceola" lode  at  the  Manitou  in  d  7. 1.  S.  is  also  about  320  feet  below  the  Cal- 
umet conglomerate.  Cf.  Clark  d  5.  251-271.  A  correlation  with  the  first 
belt  of  Empire  hole  2  would  imply  a  dip  of  29°,  but  a  steeper  dip  is  prob- 
able, in  which  case  one  stout  bed  of  ophite  may  be  omitted. 
iPlus  50  feet  faulted  out? 
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Empire  drill  hole  2  is  at  3700  feet  on  the  section,  950  ft.  S.  of  the  Montreal  River, 
and  262  above  Lake  Superior, — 30  feet  above  the  bottom  of  Montreal  River.  Dip 
90.°  Dip  of  beds  29°?+  To  reduce  the  depth  to  thickness  multiply  by  .88.  But 
there  are  some  reasons  for  believing  that  the  dips  are  considerably  steeper  at  the 
bottom  of  the  hole.  So  that  below  the  Kearsarge  conglomerate  we  assume  a  dip 
of  38..5°  and  multiply  by  .78  (320) 

Surface  27  feet. 

31.     Osceola  amygdaloid  and  ophite  foot  (54) 

Brecciated  amygdaloid  d  2.     27-32  (374) 

With  prehnite,  calcite,  copper. 

Trap  d  2.     32-88 

A  feldspathic  ophite  coarsest  (3-5  mm.)  about  51 

Cf.  Clark  d  5.     271-372. 


32.  Melaphyre  (20)  (394) 

Amygdaloid  d  2.     88-93 
Trap?  brecciated  d  2.     93-111 

33.  Feldspathic  ophite  (64) 

Amygdaloid?  (458) 

Minute  green  chloritic  amygdules,  a  red  amygdaloid  with  glomeropor- 

phyritic  feldspar. 

Cf.  Medora   d  1.     567 

Trap  d2.     111-184 

Chloritic,  feldspathic,  when  coarse  faintly  mottled. 

Seams  perhaps  parallel  to  the  bedding.  ^     Dip  35°  to  45° 

Cf.  32  and  33  with  Clark  33  d  5.     372  to  470.     Both  have  alternations 


of  amygdaloid  at  the  top,  and  a  coarse  feldspathic  ophite  beneath.    (458) 

34.  Melaphyre  (13) 

Amygdaloid   d  2.     184-194  =  10         '  (471) 

Trap  d  2.     194-199  =  5 

Very  probably  only  a  gush  of  the  underlying. 

35.  Doleritic  ophite  (141) 

Amygdaloid  d  2.     199-210  (612) 

With  seams  of  calcite  and  copper.     Cf.  the  lode  at  the  Clark  4.     35. 
Amygdaloidal  trap    d  2.     210-216 
Trap  d2.     216-360 

At  244  are  big  seams  and  the  trap  is  doleritic,  coarse  but  only  faintly 
ophitic.  At  254  the  mottles  appear  to  be  6-8  mm.,  and  at  320  7-10  mm. 
across,  then  finer.  There  are  laumoutitic  seams  at  320.  Cf.  Mandan 
d  10.  784-925?  (925-1009  too  small?),  cf.  Clark  d  4.  at  317  with  this  at 
320.  Does  the  shattering  shown  have  something  to  do  with  the  accumu- 
lation of  the  copper 

36.  Melaphyre  (28)  (640) 

Amygdaloid  d  2.     360-374 

Cf.  Medora  d  10.     1098. 

Trap  d  2.     374-392 

Very  probably  not  an  independent  flow. 

-K  flip  of  45°  would  make  other  distances  correlate  much  better,  and  is  probable. 
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37.  Feklspathic  doleritic  ophite  (87)  (727) 

Amygdaloid   d  2.     392-399 
Trap  d  2.     399-491 

The  amygdaloid  seems  to  dip  at  14°  to  18°,  but  the  dolerite  and  other 
seams  in  the  trap  at  22.5°  to  45°. 
Cf.  Mandan  d  10.     1149-1220.     Clark  d  4.     388- 

The  distance  from  this,  the  top  of  the  Kearsarge,  to  the  "Osceola"? 
hanging  (31)  is  about  407  feet  which  is  small  either  compared  with  the 
Mandan  or  the  Clark-Montreal  sections.  The  large  ophite  35,  a  per- 
sistent bed,  is  not  as  thick  as  its  mottling  would  lead  us  to  expect,  but  it 
is  seamed  and  presumably  some  is  cut  out. 

38.  Kearsarge  conglomerate  (17) 

Conglomerate  and  red  sandstone  d  2.     491-510  =  19 


The  apparent  dip  is  20°  .  (744) 

Cf.  Fig.  29,  M  d  3.  4.  S  121.  While  this  thickness  is  much  less  than  in  the 
adjacent  sections,  it  would  take  a  dip  of  only  37.5°  to  make  the  thickness 
between  the  Calumet  and  the  Kearsarge  conglomerate  the  same  as  at  the 
Manitou,  and  there  are  some  independent  reasons  for  believing  this  likely. 

39.  Feldspathic  melaphyre  (119) 

Trap  d  2.     510-517 

Amygdaloidal  trap    d  2.     517-527 

Trap  d  2.     527-619 

A  brecciated  vein  at  551,  faintly  ophitic  and  feldspathic  558-610. 

40.  Melaphyre  d  2.  (37) 

Amygdaloid   d  2.     619-630 
Trap  d  2.     630-656 

From  d  2.     645-656  specked  and  weathered. 

41.  Sediment 

Sedimentary  breccia  656-658  under  well-marked  contact  at  656.  At 
686  there  is  a  red  clasolite  making  an  angle  of  20°  with  core,  evidently 
filling  a  nearly  vertical  fissure  extending  down  from  this  bed? 

42.  Doleritic  ophite  (162) 

Trap  d  2.     658-820 

Coarse  d  2.  701-807,  then  a  big  fissure  with  reddened  and  apparently 
finer  trap  to  the  end. 

43.  Epidotic  sandstone. 

Yellow  epidotic  sandstone  d  2.     820-824 

Cf.  Fig.  29,  M  3.  4.  S.     324,  Central  mine  50  ^ 

44.  Ophite 

Trap  d  2.     824-854 
Epidotic,  much  fissured. 

45.  Amygdaloid  d  2.     854-856 

'  Coarse  ' 

Trap  d  2.     856-881 
Fissured  near  d  2.     874,  mottles  2  mm. 

46.  Amygdaloid  d  2.     881-885 

Red  and  white  passing  into  a  glomeroporphyrite. 
Trap  d  2.     885-971 

Coarse,  at  first  amygdaloidal,  then  seamed  feldspathic,  toward  the 
base  finer,  reddened  with  laumontite  seams. 

s  Under  the  Kear.sarge  conglomerate  some  ways  a   tendency  to  clasolitic  occurrence.?  and 
feldspathic  traps  is  well-marked.     Cf.  also  Arcadian  No.  76,  a  lower  horizon. 
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47.  Ophite 

Amygdaloid  d  2.     971-978 

Prehnitic  coarse.  v 

Trap  d  2.     978-1032  At  1012  4  mm.  mottles. 

48.  Amygdaloid  d  2.     1032-1043 

Red  and  yellow  with  trappy  seams. 
Amygdaloidal  trap  d  2.     1043-1060 

49.  Amygdaloid   d  2.     1060-1069 

Trap  d2.     1069-1091  (455) 

Seamed  and  coarsest  about  d  2.     1081-6 

50.  Ophite  (160+)     ?         (615) 


Amygdaloid?   d  2.     1091-1096 

Trap  d2.     1096-1144+  (1023) 

Mottling  is  4  mm.  at  the  end.  This  hea\'y  ophite  might  be  the  bed  in 
which  Empire  Hole  5  begins  and  if  not,  the  dip  is  over  39°.  If  it  is  the 
same  bed  the  dip  is  38  J°  and  at  this  dip  its  top  below  the  base  of  the 
Kearsarge  conglomerate  would  be  (1091-510)  38^°,  455  feet.  It  can  not 
be  any  lower  bed  in  No.  5,  as  we  can  find  no  heavier  bed  in  No.  2  with 
which  to  correlate  the  hea\y  bed  at  the  top  of  Hole  5.  A  steeper  dip 
would  make  this  bed  still  nearer  the  Kearsarge  conglomerate.  At  45° 
for  instaixce,  the  top  would  be  only  350  feet  below  the  same.  At  the 
Clark  the  only  bed  to  connect  with  the  top  of  Empire  Hole  5  is  that  at 
the  top  of  Clark  Hole  2,  296-676  feet  below  the  Kearsarge  there.  This 
is,  I  think,  less  than  100  feet  from  the  Kearsarge  amygdaloid. 


Empire  drill  hole  5.  5200  feet  south  of  datum  1500  feet  S.  of  Hole  2.  270  above 
Lake  Superior.     Dip  90°. 

The  dip  of  the  beds  is  uncertain  but  there  is  no  probable  correlation  with 
Hole  2  that  wiU  give  less  than  38.5°.  The  apparent  dip  of  the  conglomerate 
at  765  feet  is  45°.  The  mean  rate  of  increase  of  grain  in  the  ophite  below  appears 
to  be  not  over  1  mm.  in  25  feet  or  less  whereas  it  is  usually  1  mm.  in  10  to  15  feet, 
which  would  suggest  even  steeper  dips.  In  that  case  the  Kearsarge  amygdaloid 
and  Wolverine  sandstone  lie  in  an  unexplored  gap  between  Holes  2  and  5. ' 


Surface 

,     (28) 

Ophite 

Trap  d  5.     28-156 

The"niottles  are  respectively     7, 

10, 

and      5  mm. 

at                                                30, 

60, 

107>et. 

(50) 


(615?) 

51.     Ophite  579,  (400±) 

Amygdaloid  7d  5.     136-151 
Trap  d  5.     151-715 

Marked  brecciated  amygdaloid,   with  a  much  disturbed  amygdaloid 
trap  just  under,  spotted  to  174.     The  mottles  are  respectively 

9,       15,     10-15,     5-10,         8,       3+,     1  to  2,         1  mm.  at 
239,     370,         415,     -454,     536,     575,         629,         686 
There  are  doleritic  seams  between  250-284  and  at  300,  a  big  prehnite 
seam  between  454  and  497,   numerous  joints  crossing  the  cores  at  45° 
from  629  on.     Cf.  Medora  d  6.     239-649  (12mm.)  and  also  Manitou   d 
7.  5.  S.     54-333  with  a  little  .sediment  at  the  base  and  10  mm.  mottles 
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also,  another  heavy  ophite  333-552  just  below.  Cf.  also  Central  mine 
58.  d  2.  442-498  =  d  8.  42-314  with  59  &  60  sediment  just  below,  and 
311  feet  below  the  Wolverine,  and  12  mm.  mottles.  See  also  Arcadian 
Belt  68.  Hole  2.  315'-464'+  (10  mm.  mottles)  Calumet  and  Hecla 
A.  193-273.  This  is  uncertain.  The  prismatic  augite  form  is  often 
marked. 

52.  Conglomerate  d  5.     715-720  5  1020 

There  is  some  felsite,  but  it  is  mainly  amygdaloid  conglomerate,  much 
sheared,  so  that  it  is  hard  to  tell  shearing  from  dip — about  45°.  This 
and  the  big  trap  above  it  would  seem  to  match  the  Medora  d  6.  652-657 
best  in  position  and  association.  Cf.  also  Manitou  d  7.  5.  S  333,  and 
Franklin  Jr.  d  3.  535.  The  actual  distance  from  d  2.  510  to  d  5.  720 
is  1513  feet,  the  thickness  will  vary  according  to  the  dip  assumed;  at  45° 
it  will  be  1215  feet  at  38.5°         1100  feet  at 

29°  920  feet. 

D  6.  657  is  below  the  Kearsarge  conglomerate  at  the  Medora  1056  ft. 
Cf.  Arcadian  (76),  as  well  as  (69)  which  is  (866-1-355)  (1221)  feet  below 
the  Kearsarge  conglomerate. 

53.  Ophite 

Amygdaloid   d  6.     720?-724 
Trap  d6.       724-789 

The  mottUng  reaches  5  mm. 

This  Empire  cross  section  will  cover  just  about  the  first  mile  south  of 
the  AUouez  conglomerate  (15),  and  should  also  show  beside  the  beds  of 
Section  14  those  of  the  first  row  of  forties  in  Section  23,  leaving  about 
half  a  mile  to  be  explored  down  to  the  Mt.  Houghton  and  the  Bohemia 
conglomerate. 

In  this  the  dips  will  be  steep,  and  they  should  be,  for  we  have  all  the 
beds  of  Manitou-Frontenac  7,  Holes  6,  7,  8  and  9,  2000  feet  or  so,  to  be 
:    crowded  in,  including  the  Isle  Royale  lode.     (2300-H2640  =  sin  60°) 


§  4.     MANDANi  AND  MENDOTA.      (Figs  25  and  26.) 

On  Section  16  a  couple  of  veins  are  indicated  running  into  the 
Washington  Copper  Company  lands,  and  on  Section  17  on  the 
east  side  are  the  fissures  opened  up  by  the  Medora  shaft  of  the 
Keweenaw  Copper  Company.  Only  a  few  belts  just  below  the 
Allouez  conglomerate  have  been  proved  up  thus. 

A  much  more  complete  section  than  any  heretofore  is  that  of  the 
Mandan.  This  follows  and  is  derived  from  notes  of  A.  C.  Lane 
and  those  of  W.  W.  Stockly  and  A.  H.  Sawyer.  This  also  runs 
north  and  south  and  the  main  section  is  close  to  the  west  line  of 
Section  17,  T.  58  N.,  R.  29  W. 

Shortly  east  is  a  vein  causing  some  displacement,  shown  by  the 
drill  records.  On  the  coast  east  of  Agate  Harbor  about  400  paces 
east  of  the  west  line  is  a  vein  striking  nearly  nortli  and  south, 

^Developed  at  the  same  time  as  the  Medora  and  so  referred  to  at  times  in  my  notes. 
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called  by  Whitney  the  Giraffe  vein.  It  wonld  be  hardly  a  stretch 
of  the  imagination  to  connect  this  clear  across  the  range  with 
the  Mendota  vein  of  Mt.  Bohemia-  in  l^^ection  29.  six  miles  south, 
and  there  would  be  but  a  slight  bend  needed.  However,  I  think 
it  quite  as  likely  that  there  is  a  sharp  displacement  of  it  on  a 
strike  fault' or  slide  somewhere  near  the  Montreal  River  just  as  the 
vein  of  the  Central  mine  is  displaced  under  the  Kearsarge  con- 
glomerate." Note  the  slide  indicated  in  the  section  in  Hole  4  at 
about  337  feet  depth. 

Mandan  (Fig.  25  in  envelope).     Nearly  N.  and  S.  at  right  angles  to 
strike.     Mandan  drill  hole  14.     Elevation  674.25.     Surface  2  feet. 
/19)  *  (1)        The  Greenstone. 

Trapdl.     -578 

Trap'not  exposed,  mottles  much  of  the  way  too  large  for 
the  drill  core  to  show  distinctly.     Manitou  b.  19. 
At    2  95,  100,         125,     156-182,     182-224, 

20'mm.,     25  mm.,       35,     28-32,       40+,  30  +  , 

329,         363 
22.  20 

-at 474,     497,     513-521,542-554,     568  ft.  mottles  are: 
+  8,         6,     5-6,  4,         1-1/2  mm.  + 

At  18  is  a  seam  with  copper  and  prehnite,  at  408  is  a  seam 
of  prehnite  at  72°  to  the  core,  at  454  at  69°.  At  29  and  33 
it  is  doleritic  with  feldspar  3  or  4  x  2  mm.  and  augite  m 
large  grains. 

The  core  owing  to  the  uneven  hardness  due  to  the  augite 
crystals  has  a  peculiar  knobby  appearance  well  shown  at 
95  ft.  Porphyritic  crystals  of  feldspar  occur  (but  are  rare) 
and  may  be  as  much  as  10  x  2  mm.  or  12  x  7  mm.  at  189  ft. 
This  also  is  the  first  bed  in  Hole  13  to  202  feet.  In  the 
interior  of  the  augite  the  feldspar  is  smaller  and  by  patches 
of  smaller  feldspar  with  coarser  between  them  is  the  ophite 
pattern  brought  out. 

At  13,  95,     128,     138,     143,     151,     158,     168   to  170, 

the  mottles  are: 

10-12        8,         7,         6,     6-5,         5,         4,       2-3  mm. 
and  at  177,      '   182,         187,  feet  they  are: 
i  to  1-i,  1  mm. 

The  rate  of  increase  of  diameter  of  the  augite  patches 
(A  of  Chapter  IV)  is  one  of  the  most  rapid  found —1  mm.  in 
8.5  feet,  in  2.6  meters  or  .00032  '^ 
(20)  (2)        AUouez  conglomerate 

Absent  in  No.  14 

in  No.  13  202-220 ^ 

=See  report  by  F.  E.  Wright  for  1908. 

»IIubbard.   Lake  Superior   Mining  Institute,   1895,  Pis.   II  and   III. 

4Tl"e  side  numbeis  in  parentiiesis  in  holes  14  and  12  refer  to  corresponding  belts  .n  Man- 

*'"^:  the  results  in  Manitou  3  and  onJ^.J^-^-}^^  ^he,  ^^.iJ^f  L'l^^n.l^^b^^e.^  '^^^U 
Ik'r^.^erofulJftinSs  ;ra'i\^!re  ^  ^.^t^^i-Vrf  ^  wo^  ^ftener  ..  snu.ll  clipped  oiT  seg- 
nH'iits  of  tlie  patches  and  so  get  tlie  grain  too  small. 
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(21)  (3)        Feldspathic  ophite  (13)  220-326 

Amygdaloid  d  14.     578-593     (14)  (35) 

with  copper 
Trap  d  14.     593-616 

Feldspathic  ophite,  amygdaloidal  at  top  to  546  then  finer 
and  darker. 

(22)  (4)        Feldspathic  ophite.     Hanging  of  Medora  lode     " 

Amygdaloid  d  14.     616-621     (5)  (53.) 

Well-marked  with  calcite  and  pink  and  green  amygdules 
Trap  d  14.     621-673     (48) 

Feldspathic  and  coarsely  amygdaloid  at  top,  dark,  finer, 
more  chloritic  at  base. 


Base  below  base  of  Alloucz  (87) 

This  corresponds  to  the  distance  to  the  Medora  lode  from 
the  Allouez  in  the  7th  level  cross-cut  in  the  Keweenaw 
Copper  Co.  mine  on  the  Medora  location,  though  there  and 
in  d.  13  but  one  flow  occurs. 

(23)  (5)        Medora  lode  and  foot,  feldspathic  ophite 

Amygdaloid  d  14.     673-676     (3) 

AVell-marked  with  datolite  and  copper  at  675  ft. 

Trap  d  14.     676-725     (45) 

Faintly  ophitic;  at  d  14.     700  seams  at  45°  to  the  core. 

Distance  from  base  of  Greenstone  725-578  =  147  (136)  ft. 

(24)  (6)        Ophite,,  the  Mandan  ophite  60  + 

Amygdaloid  d  14.     725-727     (?) 
With  copper  (Manitou  lode?) 
Trap  d  14.     727-860+      (132) 

At  d  14.  860  6-7  mm.  which  would  indicate  60  ft.  more 
at  least.  This  I  take  to  be  the  same  as  the  heavy  bed  at 
the  top  of  Mandan  No.  1  to  120  ft,  and  No.  12,  20  to  511 
feet,  with  a  dip  to  be  inferred  of  20°.  But  the  dip  at  the 
mine  being  23.5°  it  is  a  question  if  this  not  due  to  faulting. 

The  distance  in  No.  14  is  (136)    between   Greenstone   and 
this  ophite  in         No.  13  is  (126) 
,  Comparing  various  sections  and  exposures  it  seems  that  there 

are  below  base  of  Alloue^  to  base  of  Mandan  ophite      (611) 


Mandan  drill  hole  12.     Is  considerably  to  one  side  of  main  line  of 
section  and  is  thrown  by  a  fault  probably. 

(19)  The  Greenstone  ophite  trap  d  13.     0-202  (730+) 

Described  in  connection  with  Hole  14 

(20)  Allouez  conglomerate  d  13.     202-220  (17) 

Absent  in  d  14.     Dip  18.5°  in  a  sandy  streak. 

(21)  Medora  lode  hanging  (85) 
and            Amygdaloid  d  13.     220-228     (7) 

(22)  Poor  to  d  13.     228,  then  brecciated,  with  copper  and  preh- 
nite;  much  very  fine  copper  to  225 

Trap  d  13.     228-310     (78) 

Doleritic  at  256  ft. 

Basal  amygdaloid  d  13.     310-317 
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•    With    Thomsonite    in    coarse    scattered    amygdules    and 
amygdaloid  spots  included  in  Medora  lode. 

(23)  Medora  lode  and  foot.     Strike  N  87°  30' E;  dip  23°  40'     (21) 

Amygdaloid  d  13.     317-331  (14),  (10+  in  the  mine) 
Amygdaloid  trap  d  13.     331-338     (7) 

(24)  Amygdaloid  d  13.     338-343     (5) 

Trap  d  13.     343-352-^ 

Holes  12,  2,  5,  1,  7,  9,  and  3  around  the  Mandan  overlap 

a  good  deal. 

As  near  as  I  can  make  it  the  following  is  the  correspondence 
Houghton  Montreal 

(8)  Cong.  (10)  (12)  (12) 

12.530-548        12.590-599         12.670-682         12.743-752 
1.121-124  1.185-196  1.263-277  1.350-359         1.480         1.901-920 

3.120-128  2.112-128  2.191-200  2.277-304 

9.141-150         3.178-195  5.171-201  3.339-349         3.461         3.881-901 

9.210-223  9.282-305  5.280-290  10.177-194 


Holes  7  and  9  have  been  thrown  north  90  ft.,  i.  e.  the  west  side  is  thrown  N. 

There  appear  to  be  at  this  horizon  (that  of  the  Houghton 
conglomerate)  three  or  four  flows  which  are  very  similar, 
all  having  a  well-marked  ophite  texture  with  amygdaloids 
which  on  top  verge  into  an  amygdaloidal  conglomerate. 
See  Plate  VII,  Sp.  20485.  If  the  Houghton  conglomerate 
is  the  top  of  the  series,  the  lode  opened  on  the  Manitou 
property  known  as  the  Montreal  lode  appears  to  be  this 
third.  It  was,  however,  enriched  apparently  only  in  the 
spot  near  a  fissure. 

Mandan  hole  11  was  merely  to  bed  rock. 
Mandan  hole  12  vertical.     Dip  22°. 

(24)  (5)        Medora  foote 

Trap  d  12.     2-20 
Fine  grained. 

(27  to  28)         (6)        Mandan  ophite  (475) 

Amygdaloid  d  12.     20-33 
111  marked;  contact  also  at  28  ? 
Trap  d  12.     33-511  ==  478     (462) 
Feldspathic  ophite,  at    70,  89-127  ft.  the  mottles  are 

3-5  7  mm. 

Doleritic  with  4  mm.  feldspar  at  d  12.     136-137 
Up  to  10  mm.       "  at  d  12.     192-193  with  copper 

and  coarse  amygdules  on  a  fine  grained,  red  ground,  another 
doleritic  streak  at  245-262  with  10  mm.  feldspar.  These 
streaks  develop  from  normal  ophite  with  no  sharp  contact. 
The  augite  patches  continue  coarse  into  them  but  the  feld- 
spar becomes  much  coarser,  and  more  chloritic  interstices 
form. 

Chloritic  seams  at    89  are  at  45°  to  the  core, 
at  239  are  at  20.5°  to  the  core, 
at  386  and  439  at  69°  to  the  core. 
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Toward   the   base   they   fall   into   a   system   parallel  and 
perpendicular  to  the  contact. 

At  70,  89-127,  134,  164,  188-198,  213,  239-2.56,  284,  305, 
328,  360,  386,  394,  439,  465,  478,  485,  495,  502,  506  ft. 
the  mottles  are  3-4,  7,  8  mm.,  5-6,  faint  7  mm.,  1-2, 
10-15,  15,  17-20,  20+,  13,  10-12,  12,  8,  5,  4,  4,  3,  2,  1  mm. 
a  rate  of  increase  =  A  about  1  mm.  in  10  ft.  (9.3)  starting 
from  518  to  328.  About  213  there  is  an  irregularity  that 
suggests  close  welding  of  two  flows,  or  faulting,  or  pos- 
sibly super-heating  and  hence  finer  grain. 

In  the  coarseness  of  the  mottling  this  is  next  to  the  Green- 
stone, and  one  might  even  think  of  repetition  by  faulting. 
In  no  other  section  is  there  nearly  as  hea\'y  a  flow  here. 
See  Mandan  Hole  1  down  to  121,  Hole  9.     10  to  282 

Base  of  Mandan  ophite  below  base  of  AUouez         (637  ft.) 
(7)        MelaJ)hyre 

Amygdaloid  d  12.     511-515     (4) 

Trap  d  12.     515-530     (14) 

Fine  grained.     This  does  not  appear  in  Holes  9  and  1 

(32)  8.        Houghton  conglomerate  ? 

Conglomerate  d   12.  530-542  (12?)  elsewhere  (3) 

9.  141-150 

1.  121-124? 

Cf.  also      1.  181-195 

Base  of  Houghton  conglomerate  to  base  of  AUouez  (666) 

This  checks  very  well  with  the  thickness  at  the  Manitou  but  the  section 
between  does  not  compare  well. 

(33)  9 .       Feldspathic  ophite.     (48) 

Trapd  12.     542-590     (48) 

9.     150-185  to  210 

1.     124-185 
Brecciated   and   amygdaloidal   to   554,    lightly   glomero- 
porphjTitic  to  559;  an  amygdaloid  spot  at  585. 

10.  Amygdaloid  conglomerate  top. 

Amygdaloid  d  12.     590-599 
9.     210-211 
1.     185-196 
Brecciated  to  592  and  from  594-599  appears  to  be  a  con- 
glomerate. 

11.  Ophite  (3  mm.) 

Trap  d  12.     599-670  (66) 

At  605,     610,     618,     634,     647,     651,     655,     656,     661  ft. 
the  mottles  are  i         1,         2,         3,         2,     1-2,     U,         1,      i  mm. 
From  661  ft.  to  670  ft  the  trap  is  brecciated,  the  core  in 
nubbins. 
Same  3  mm.  coarseness  also  in  Holes  9  and  1 . 
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12.  Amygdaloid  conglomerate? 

Amygdaloid  d  12.  670-682     (17) 

9.  282-300 

1.  263-277 

2.  191-200 

3.  265-275 

brecciated  with  green"and>ed_fragments,  to  682  poor. 

13.  Ophite 

Trap  d  12.     688-743     (51) 

At  688,  693,  700,         712,  715,  723,  733  ft.  the  mottles 
are      1,  1-2,  1  and  2,       2,       3,  2-3,  l-2>m. 
Chlorite  seams  at  723  at  angle  of  51  °. 
(38)  14.       Ophite  "Montreal  lode"  (3  mm. 4-)     (48 -h) 


Amygdaloid  d  12. 

743-757 

9. 

365-380 

1. 

350-359 

2 

277-304 

3. 

339-349 

5. 

280-290 

Green  and  red  fragments  of  amygdaloid^and  trap 

mixed, 

Trap  d 12 

.     757-7< 

31  +  end  of  hole 

At  d  12. 

781  and 

791 4-  feet^the  mottles  are 

1-2  and  3  mm.  respectively 

Mandan  drill  hole  1.  About  100  ft.  east  of  the  west  line  and  610  ft.  north  of  the 
W.  Q.  P.  of  Section  17,  T.  58  N.,  R.  30  W.,  about  700  feet  from  the  quarterpost  in 
direct  line  and  about  1460  feet  south  of  the  Greenstone  (the  AUouez  conglomerate 
Ko.  15)  elevation  380  A.  L.  There  is"  a  coarse  outcrop  of  Mandan  ophite  about 
100  feet  north  of  it.  The  greenstone  base  is  said  to  be  1460  feet  north  and  by  my 
measurement  a  point  where  the  mottles  are  3-5  mm.  across  is  about  1290  feet  north 
on  a  level.  It  must  begin  then  between  530  and  630  feet  below  the  Allouez,  prob- 
ably 680  feet.     The  reduction  factor  for  the  thickness  is  about  89°. 

1.     Overburden  (hardpan  till)  7 

6.     Mandan  ophite  (200?) 

Trapdl.     7-120.6  =  113     (92) 

Lower  half  or  third  of  a  heavy  ophite  begins  with  10-12  mm.  mottles 
•     at  7  feet,  and  apparently  equally  coarse  to  34  feet ;  at 
57,         83,        99,        109  feet,  that  is  — 
52,         30,        17^,  9,  feet  from  the  bottom, 

the  mottles  are  reduced  to 

8-10,  4  +  mm.,  4  mm..  2  mm.,  across.  We  have  some  feldspars, 
minute  brown  specks  of  altered  olivine  (rubellan)  and  chloritic  seams 
or  joints  making  angles  of 

21°,       29°,         32°,  22°,  with  the  drill  core  at 

43'9",      50',  58  to        85  ,  feet  respectively 

probably  about  at  right  angles  to  the  dip;  averaging  these  observations 
would  be  26°,  Avhile  the  dip  appears  to  be  28°. 
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7.     Sediment  ?dl.     120-124=4     (4) 
Houghton  conglomerate'.' 

d  1.  120-122  is  greenish  white,  epidotic  and  sericitic.  At  124  feet 
there  is  a  pink  and  green  mottUng  like  Castile  soap  and  an  apparent 
dip  of  (8:15)  28°.  This  may  be  the  beginning  of  the  Houghton  con- 
glomerate horizon  but  no  where  else  do  we  seem  to  have  an  extra  heavy 
bed  just  above. 

This  Mandan  Ophite  is  a  very  hea\"y  bed  and  from  the  grain  I  could 
hardly  have  put  it  down  as  less  than  2.50  feet  thick.  It  ought  accord- 
ingly to  be  fairly  persistent.  We  find  one  in  the  Franklin  Jr.  under 
the  Albany  and  Boston  conglomerate  15,  from  100-233  below,  the 
Houghton  being  389,  two  flows  interv^ening. 

No.  37  in  Tamarack  No.  5,  belts  59-60  from  3320-3594  is  a  massive 
ophite  217  feet  thick,  which  we  find  in  the  other  shafts: 

In  Tamarack  No.  4  from  3050-3334,  234  feet  thick. 

In  Tamarack  No.  3  from  2819-3114,  225  feet  thick. 

In  the  Redjacket  shaft  at  1954  and  2200,  about  202  feet  thick,  its 
base  about  455  below  the  AUouez. 

At  the  Cliff  an  extra  hea^'y  bed  of  trap  seems  to  be  between  400  and 
500  feet  below  the  "slide". 

At  the  Central,  the  nearest  equivalent  would  seem  to  be  (8)  from 
401-476  feet  below  the  slide,  noted  as  very  thick  and  uniform,  though 
the  Central  mine  section  is  evidently  taken  so  carefully  as  to  give  many 
pseudoamygdaloid  and  doleritic  bands,  probably  not  individual  flow 
tops,  elsewhere  overlooked.  It  is  taken  near  a  vein  where  the  belts 
are  hard  to  make  out.  At  the  Delaware  mine  we  find  a  hea\'y  bed  of 
trap  from  100-360  feet  below  the  Allouez  which  in  the  deeper  levels  of 
the  mine  is  counted  as  two  with  an  amygdaloid.  But  my  studies  at 
the  surface  show  that  it  is  probably  all  one  bed,  with  a  good  many 
doleritic  streaks  and  full  of  amygdaloid  inclusions.  It  is  probably 
these  latter  that  lead  it  to  be  called  two  beds  deeper  down.  Cf.  Manitou 
d  3.     27  to  28. 

There  appear  to  be  only  two  amygdaloids  between  this  and  the 
horizon  which  has  been  called  No.  2  and  has  been  identified  by  Marvine 
as  the  Houghton.  This  latter  appears  as  a  well-marked  amygdaloid 
contact  in  an  old  railroad  cut  about  1230  feet  from  and  100  feet  below 
the  Allouez  conglomerate,  or  over  600  feet  below  it. 
9.     Amygdaloidal  melaphyre  (53) 

Brecciated  amygdaloid  d  1.     124-129  =  5  (4) 
Amygdaloidal  trap  d  1.     129-163'6"  =  34  (30) 

Trap  d  1.     163-185  =  22(19) 

Amygdaloid  much  veined  but  with  pieces  of  red  amygdaloid  with 
amygdules  in  a  flaky  ground  full  of  irregular  seams  of  calcite  which  in 
a  general  way  dip  (8:15)  at  an  angle  of  28°  and  probably  indicate  the 
sliding.  At  129'  6"  it  becomes  hard  brown,  compact  with  very  small 
white  amygdules.  There  are  then  red  fragments  with  calcite  seams 
and  blotches  to  132,  then  a  foot  like  129'  6"  fine  grained  with  white 
specks  crosswise,  then  a  foot  redder  and  more  calcitic,  then  like  129 
to  142,  with  brown  specks  of  altered  olivine;  at  142-143  there  is  a  rusty 
streak  with  amygdules  still  numerous;  at  145  there  are  white  amyg- 
dules 5  mm.  across  with  chlorite  rims,  and  calcite  centers;  it  remains 
fine  grained  with  scanty  small  amygdules  to  163'  6"  where  it  become* 
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prehnitic.  There  is  a  laumontite  seam  at  161.  At  164  it  becomes 
more  massive  trap  with  1-2  nun.  mottles  at  172,  then  fine  grained 
and  black. 

10.  Scoriaceous  amygdaloidal  conglomerate  d  1.     185-191  =  6  (5) 

d  1.  185-188  is  a  breccia  of  fine  grained  red  amygdaloid  with  white 
amygdules  and  veins,  and  to  191  it  is  a  well-marked  scoriaceous  con- 
glomerate._ 

11.  Ophite  (3  mm.) 

Amygdaloid   d  1 .     191-196  =  5  (4i) 
Trap  d  1.     196-263  =  67  (60) 

The  amygdaloid  is  poor  and  coarse,  and  probably  if  not  shattered 
much  of  the  belt  above  would  belong  to  this  amygdaloid.  The  trap 
has  well-marked  mottles: 

2,        2-3,        2-3,  3,        1-2.        4  mm.  at  ^ 

205,       212,        217'6"       240.        248,        257  feet 
(47)        (43),       (37),  (19),       (12),       (5)  (feet  from  base) 

The  base  of  the  flow  is  near  261  feet.  From  261-263  is  fine-grained 
amygdaloid. 

12.  Scoriaceous  conglomerate  d  1 .     263-277  =  14(12^)  (840) 

Includes  also  the  broken  up  (brecciated)  part  of  the  beds  below. 
This  is  the  lowest  place  at  which  the  Houghton  conglomerate  can  come. 

13.  Ophite  (3  mm.)  (64)  ■  (904) 

Amygdaloid   d  1.     277-279  =  2  (2) 
Trap  dl.     279-350  =  71(2) 

The  amygdaloid  contains  calcite,  prehnite  and  copper  (possibly 
Montreal  lode?).     The  trap  has  mottles  2  mm.  and  3  mm.  at 

297,  307, 

44,  35  feet  respectively, 

then  growing  finer. 
A  fine  grained  ophite,  with  chloritic  amygdules,  from  345-350. 

14.  Ophite  (Montreal  lode  and  foot)  5-6  (114)  (1018) 

Amygdaloid   d  1.  '  350-369  =  19  (17) 

Trap  dl.     369-480  =  111(96) 

The  amygdaloid  is  poor  and  but  slightly  brecciated  to  359. 

There  is  rather  more  trap  to  365,  then  to  369  there  is  much  prehnite 
and  copper.  Montreal  lode  ?  The  trap  is  at  first  rather  broken  up, 
but  has  well-marked  mottles  of 

2  mm.,    3-4  mm.,   4-5  mm.,   5-6  mm.,   4  mm.,  2  mm.,  1  mm.,  at 
376-380,  399,  409,  426,  442,        460,        469  ft 

(871-8),    (67),  (58),  (44),  (31),       (17),       (8)  above 

base. 

There  are  numerous  chlorite  seams,  making  angles  of  33°  and  54° 
with  the  drill  core.     (At  456  is  a  speck  of  copper  in  one) 

15.  Ophite  (3  mm.)  (52)  (1070) 

Amygdaloid   d  1.     480-482  =  ?  (2) 
Trap  d  1.     482-538  =  56  (50)  ? 

The  amygdaloid  is  pure  and  the  ophitic  texture  is  at  once  resumed. 
We  may  probably  infer  no  great  break  between. 
The  mottles  are       1,        1-2,  3,  3,        1-2  mm. 

at  483,        487.        501,        515,        .527' 6"  ft. 

45,  42,  31,  19.  8  above  base 


545-622 

(73) 

594,        603, 

606, 

612, 

619  feet  the  mottles  are 

1-2             2 

2 

1, 

h  mm. 
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16.  Amygdaloid  conglomerate  d  1.     538-545  (7) 

d  3.     520-545 
with  copper,  red,  fine  grained,  brecciated  with  different  kinds  of  amyg- 
daloid. 

17.  Ophite 

Trap  d  1. 
At  575, 
1, 

18.  Ophite  (1  mm.) 

Amygdaloid  d  1 .     623-625  (2) 
Prehnite  and  perhaps  a  sphere  of  Thomsonite. 
Trap  d  1 .     625-648  (23) 
•        Fine  grained,  with  chloritic  amygdules  and  very  chloritic  at  base. 

19.  Amygdaloid  conglomerate  d  1.     648-668  (18) 

With  prehnite;  at  668  a  sHckensided  seam,  so  striated,  (it  dips  67.5° 
against  core)  that  if  the  dip  of  the  plane  is  really  22-§°  to  the  north, 
the  strike  of  the  striae  is  about  N.  18°  E.  This  is  in  a  way  really  the 
top  of  20  and  should  be  compared  with  d  3.     653. 

20.  Trapdl.     668-679(10)     Alelaphyre  (10)? 

Fine  grained 

21.  Ophite  3  mm.  (143) 

Amygdaloid  d  1 .     679-681(2)? 

3.     653 
Trapdl.     681-835(14) 
Fine  grained  with  amygdaloid  spots  to  700 
Joints  at  63°  and  58° 

At  700,        706,        714,        722,       738,       755-9  ft. 
The  mottles  are  l-J,        2-3,  3,        4(7x3),      5,  7mm. 

790,     796,        801-4,    813,        821,        824,        828 
8,         6,  4-5,        3,  1,        1-2,  1  mm. 

19  to  21  may  well  be  one  flow.     Cf.      Manitou  42.     Cf.     Empire    24. 

22.  Ophite  3  mm. 

Amygdaloid   d  1.     835-839=    4 

Trap  d  1.     839-901=62 

From  850  distinctly  coarser,  and  at  864  and  881  3  mm.  across. 

At  891  5  mm.  getting  finer. 


23.     Conglomerate— the  Calumet  (18) 

d  1.     901-920  =  10.     177-194  (19) 
One  inch  felsite,  the  rest  basic 
Base  below  base  of  Houghton  conglomerate 

at  24  °  dip,  about  d  1 .     920-124  =  796  X  cos  24  °  (726) 

or  from  d  12.     592-743  to  Montreal  lode  hanging  201 

from  d    3.     339-901  thence  to  Calumet  base    763       •  (710) 

or  from  d    3.     120-901  781  (725) 


Mandan  drill  hole  S.     Laps  Hole  1  almost  all  the  way,  as  follows: 

7.  Trap  d  3.     115-128 

8.  Houghton  conglomerate  absent 
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9.     Ophite.  (65) 

Amygdaloidal  trap  d  3.     120-128  =  8 
Trap  d  3.     128-178  =  50 

at  136-142,  142-152  feet  the  mottles  are 
1  1  to  2  mm. 

Amygdaloid  d  3.     178-190  =  12 
Marked  dark  and  white.     This  is  apparently  a  basal  amygdaloid. 

10.  Houghton  conglomerate? 

Amygdaloid  conglomerates   d  3.     190-195 
d  1.     185-188 
Marked  with  red  sediment  as  well  as  decomposed  matter  and  dark 
fragments. 

11.  Ophite  (2-3)  (64) 

Amygdaloid  d  3.     195-198  =  3 
Poor,  the  balance  in  the  bed  above 
Trap  d  3.     198-265  =  67 

At      208,  228,        240,        246-249  feet  the  mottles  are 

1  and  2,     2,     2-3,        1  to  2     mm. 

12.  Amygdaloid  conglomerate  d  3.     265-275  (9) 

AVell-niarked  with  considerable  sediment. 

13.  Ophite  (2  ^  mm.) 

Amygdaloid  d  3.     275-282  =  (7) 

Brecciated  trap  d  3.     292-340  =  48 

at         295,  303,  315,        320  feet  the  mottles  are 

1  to  2,       2  to  3,       2  to  3,         2    decreasing  to  base.     Little  thin- 
ner than  in  1 . 

14.  Ophite  (4  mm.)  (110) 

Amygdaloid  d  3.     340-348  =  8 

Almost  an  amygdaloid  conglomerate;  Montreal  lode  ? 

Trap  d  3.     348-461  =  113 

Fine  grained  to  378  ft.  at      378,  394,        402,        423,        435, 

1  to  2,        3  to  4,  4,  4,  3, 

443,        455,        459, 

2,  1,  ^  mm. 

There  is  probably  some  faulting  disturbance  near  378. 

15.  Ophite  (2  mm.)  (53) 

Amygdaloid  d  3.     461-465  =  4 

Cf.  d  12.     670 

Brecciated  at  top 

Trap  d  3.     465-520  =  55 

Fine  grained  to  407,  then  brecciated;  in  spots  amygdaloidal;  at  491, 
2  mm.  at  508  about  ^  mm.,  like  459  exactly;  486  was  a  band  of  finer 
grained,  1-2  mm.  mottles. 

16.  Melaphyre  (23) 

Amygdaloid   d  3.     520-535  =  15 

d  1.     480 
Trap  d  3.     535-545  =  10 

Brecciated,  the  Montreal  lode  being  perluips  a  shearing  band. 
27 
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17.'    Ophite  2  mm?     (Montreal  lode  and  hanging)  (53) 

Amygdaloid  d  3.     545-575?  ==  30  with  spots  of  breccia 
Trap  d  3.     575-603  =  28 

Ophitic,  coarsest  is  1-2  mm.,  at  598  it  is  1  mm.  and  599  §  mm. 
Manitou  d  6.     40  or  38? 
Ophite  1  mm. 

18.  Amygdaloid   d  3.     603-605  (45) 

Poor        d  1.     648? 

Trap        d  3.     605-607 

Poor  amygdaloid  d  3.     607-612     5 

Trap  d  3.     612-653     (?  or  643) 

19.  1  Ophitic;  at  620,        626,        631,        642  feet  the  mottlmg  is 

20.  J  h,  1,  1,  h  mm.  respectively 

Manitou  .(41)? 

21.  Ophite  (5  h  mm.) 

Amygdaloid   d  3.     653-671  =;_18- 

(11.     668  or  679 
Brecciated. 

Trap  d  3.     671-812  ?  =  141 
Ophitic,  at    692,        695,  703,        715,        730,        the  mottles  are 

2,  2,  2  to  3,      3  to  4,        5,  mm. 

at  750-760,      787,        798,        803,  feet  they  are 
5  to  6,  3,  2,  1,  mm. 

This  extra  heavy  ophite,  the  second  above  the  Calumet  conglomerate, 
is  also  in  the  Manitou  (b.  42,  167  feet  thick).  Central  (cf.  24).  Just 
above,  too,  in  all  cases  there  is  a  belt  with  only  small  mottles  often  con- 
siderably disturbed . 

(22)  Ophite  2     mm. 

Amygdaloid  d  3.     812-821-834-836  =  24 

Poor  with  small  amygdules,  then  trap,  then  poor  again,  to  834,  then 
poor  and  coarse  with  calcite  and  prehnite  to  836. 
Trap  d  3.     836?-881  =  45 

At  863  2-3  mm.  mottles.  In  No.  1  it  is  (61)  feet  thick  with  3  mm. 
mottles.  At  the  Manitou  it  was  from  52-63  feet  thick  (644)  and  at  the 
Empire  it  is  similar. 

(23)  Calumet  conglomerate,  d  3.     881-901  (18) 

At  881  a  narrow  band  with  small  pebbles  of  felsite  but  mainly  an 
amygdaloid  conglomeratic  with  porphyritic,  not  very  amygdaloid  frag- 
ments, toward  the  base  considerable  red  mud,  with  dips  of  23  to  26.5°. 
Cf.   d  10.     177-194 
d    1.     901-920 

(24)  Ophite 

Trapd    3.     901-961 

d  10.     194 
at  913  to  920  the  mottles  are 
1  to      2  mm. 
(25)tOphite  (1-2  mm.  +  ?) 

Amygdaloid   d    3.     961-971  ? 

d  10.     245 
Trap  d  3.     971-1047  plus 

At  1012  the  grain  is  1-2  mm.     Between  1047  and  1073  there  is  a  fine 
and  a  coarse  streak,  and  much  chlorite,  cf.  d  10.     294. 
The  line  between  (25)  and  (26)  can  not  be  made  out. 
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(26)  Ophite  (4  mm.  + ) 

Trap  d  3.     1073  minus  to  1095  plus 

at  1073  and  1092  feet  the  mottles  appear  to  be 

2     to         4  mm.  respectively. 
Thert  are  numerous  laumontite  seams  at  75°  to  core. 

The  grain  at  1095,  (171)  feet  below  the  Calumet,  is  about  that  in  d 
10  at  401,  which  is  (186)  feet  below. 


Mandan  drill  hole  7.     Falls  on  the  cross  section  at  5450,  but  the  correlations  are 
plainly  such  as  to  show  it  has  been  relatively  displaced  90  feet  to  the  N.,  being  on 
the  west  side  of  the  section.     Vertical,  elevation  494.51  above  datimi. 
1.     Overburden  of  drift  (sand)  115  feet 

13.  Ophite  2-3  mm.  ■  (61  +  ) 

115  minus  to  166 

Trap  at  115,        138,        160 

1,  2-3,  1  mm. 

Amygdaloid  conglomerate^?  166-168 

14.  Ophite  (5  +  )  Montreal  lode  and  foot 

Amygdaloid  and  amygdaloid  trap    d  S.     168-185     (16)  (120) 

d  1.      350-359 
Trap  d  3.     185-297  (104) 

At  188  are  coarse  and  fine  mottles  1  mm.  to  3  mm.  in  alternate  bands, 
with  a  few  chloritic  amygdules  and  a  spot  of  amygdaloid  at  190  and 
195. 


At  194, 

204, 

223, 

235, 

254  the  mottles  are 

2-3, 

3, 

4, 

5, 

5+  mm.  then  a  chlorite  seam. 

at  26° 

then  at 

271,; 

277, 

282, 

287,        290  ft 

3J, 

2, 

1  to  2 

1,            J  mm. 

The  hole  may 

cross  a 

fault  at  255,  and  the  last  ophite  does  not  match 

15  well. 

Ophite 

15. 

or  17.  .  (50) 

Amygdaloid  d  3.     297-307  (9) 
Red  and  white  typical 
Trap  d  3.     307-351    (41) 
Brecciated  to  312  and'amygdaloidal  to  319 
At  340  to  351  showing  1  to  2  mm.  mottles. 


Mandan  drill  hole  2  laps  Hole  1  a  short  distance  at  the  top  giving  a  good  chance 
to  get  the  dip,  25°.     Vertical  elevation  510  above  datum, —  410  A.  L.  S. 
1.     Drift  58 
(9)       2.     Amygdaloid  d  2.     58-61     (12) 

Decayed  laumontite,  with  signs  of  sediment  ."^ 
Trap  d  2.     61-113  (47) 
Chloritic,  fine  grained  joints  at  25°  to  core. 
(10)       3.     Amygdaloidal  conglomerate  (14) 

d  2.     113-128 
d  1.     185-196 

Marked  and  sedimentary  contact  dip  18.5°  to  24°  fading  from  con- 
glomerate to  amygdaloid  with  small  pink  and  white  amygdules. 
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(11)       4.     Ophite  (2  mm.)  (57) 

Trap  d  2.     128-191 

Red  brecciated  and  amygdaloidal  at  base 

At       136,        142,        159,        165,        172  feet  the  mottles  are 
lto2,  2,  2,  2,  IJmm. 

(12  and)  5.  Ophite  (3  mm.)  (90) 

(13) 

Amygdaloid  d  2.     191-200     (8) 
d  1.     263-277 

Trap  d  2.     200-277     (70) 

At       d  2.     215-217  nearly  vertical  seams 

At       d  2.     223,     227-245,    250,        264,        268  feet  the  mottles  are 
1  to  2,  2,      2,  1  to  2,        1  mm. 

Basal  amygdaloid  277-290  (12)  joints  at  59°  and  perpendicular, 
(14)       6.     Ophite  (3K  mm)     Montreal  lode  (62  +  35  +  ) 

Amygdaloid  d  2.     290-304 

With  laumontite,  calcite,  chlorite 

Traps  d  2.     304,  347 

At     308,        321,        332,        342  ft. 

1  to  2,        3,  3,  3  J  mm.  mottles 


Mandan  drill  hole  10.  At  4353  of  section,  vertical.  Correlating  with  the  Calu- 
met and  Hecla  conglomerate  in  No.  1  gives  a  dip  of  26.5°  and  a  reduction  factor  of 
.90 

(21) 


1. 

2. 

27  feet  of  drift 
Ophite  (6  +  ) 

Trap  d  10.     27-117 

(80  +  40?) 

At  d  10.     32,        63i 

70, 

100, 

105, 

114  the  mottles  are 

4,          6i 

5^, 

2i 

1, 

J  mm. 

Then  there  are  chlorite  seams  at  24.5°  and  42°  at  114  ft. 
This  is  evidently  the  lower  part  of  flow  21,  i.  e.  d  1.     679-683 

d  3.     653-750 

(22)  3.     Ophite  (54) 

Amygdaloid  d  10.     117-139     (20) 

d    1.     835 
Poor,  fine  grained,  red,  porphyritic 
Trap  d  10.     139-177     (34) 

d    1.     839-901 
At       145,  157,        170,  175  feet  the  mottles  are 

1  to  2,       coarser  2  \h 

At  146  it  is  brecciated  and  the  samples  sludge,  as  also  at  base.    The 
bed  is  evidently  disturbed. 

(23)  4.     Calumet  conglomerate  Marvine's  13  d    10.     177-194  (13) 

1.  901-920 
3.  881-901 
The  top  is  brecciated  and  ill-defined  from  the  amygdaloid  above 

but  passes  into  a  distinct  basic  conglomerate  with  red  sediment  and 

crystals  in  the  cavities. 

(24)  Ophite  2  mm.  (46) 

d  10.     194-245  to  (40) 

At  d  10.     217  feet  the  mottles  are  2  mm. 

I  doubt  if  this  is  present  in  the  Manitou  section. 
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25.  Ophite  2-3  mm.  to     (90) 

Amygdaloid  d  10.  245-259  (13)  (78) 

3.961 
Amygdaloidal  trap  d  10.     259-265     (8) 
with  large  amygdules 

Trap  d  10.     265-331     (59) 

At  266  to  273,         278,      285  to  296,  306,  327  ft. 

1,  1  to  2,         2  to  3,  2  to  3  finer,     1  to  2  mm. 

At  294  ft.  a  seam  at  45° 

Thi.s  would  agree  well  with  Manitou  45  M.  3.  2.  S  100-172,  M.  7.  1. 
S.  260-320 
Amygdaloid  d  10.     321-345  (14) 

Fine  red  and  white  brecciated,  its  relations  with  the  ophite  above 
and  the  conglomerate  below  uncertain. 

26.  Amygdaloid  conglomerate  d  10.     345-351  (5) 

Beds  26  and  27  may  be  d  6.     46  of  the  Manitou  section. 

27.  -  Ophite  (4  mm.)  (73  to  64) 

Trap  d  10.     351-433 

At  357,        362,          381,  396,        401,          408,        418,        422,      429 

1;            2,        2  to  3,  3,           4,        2  to  3,         2,            1,          h 

28.  Ophite  (5  mm.)  (120) 

Amygdaloid  d  10.     433-450     (15) 

Trap  d  10.     450-567     (105)  (to  105) 

At     450,        457,        468,        488,  497,  505,        530, 

h  to  1,  1,  2,  3,        2  to  3,      4  to  5,  4, 

543,         547,  551,        565  ft 

3  to  4,    2  to  3,      1  to  2,  1  mm. 

This  agrees  best  with  the  5  mm.  ophite  6.47  of  Manitou  section. 

29.  Ophite  (6  mm.)  (115) 

Amygdaloid  d  10.     567-582     (13)  to 

Typical  red  brecciated  with  amygdules  (100) 

Trap  d  10.     582-694     (101) 

At  616,  619,  624,        629,  639,  660, 

1,        1  to  2,      2  to  3,  3,  5  (6  maximum)        5, 

At  665,        667.  682,        683,        688,        692  feet  mottles  are 

3  to  4,    2  to  3,  2,     lto2,  1,  *  mm. 

At  677  is  a  hea%^  chlorite  slip  dipping  80.5°. 

This  agrees  in  grain  and  thickness  fairly,  with  b.  48  of  the  Manitou 
section,  supposed  to  be  above  the  Calumet  amygdaloids  there. 

30.  Ophite  (3  mm.)  Calumet  amygdaloid  and  foot     (81) 

Amygdaloid  d  10.     694-700     (5) 
At  698  is  a  phenocryst  ? 
Trap  d  10.     700-784     (76) 

At     715,        732,        737,  743,        780  feet  the  mottles  are 

1  to  2,  2,  3,        1  to  2,  ^  mm. 

At  758  and  763  there  are  amygdaloid  streaks.  Cf.  Manitou  49  M. 
3.  2.  S.,  459-545  also  cf.  50.  Doleritic.  In  calling  this  the  Calumet 
amygdaloid  there  is  a  possible  error  of  one  flow  each  way. 

31.  Ophite  (5  mm.)  Osceola  amygdaloid  (128) 

Amygdaloid  d  10.     784-788     (4) 

Red,  fine  grained,  poor 

Amygdaloidal  trap  d  10.     788-793     (4) 
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Trap  d  10.     793-926     (120) 

At     796,    801,      814  to  822.     825,      842,      862  ft. 

1  to  2,    2,  3,  4,         4,  5  mm.  then  finer 

The  grain  seems  rather  fine  for  the  size.     Quite  Hkely  the  dip'is 
stepper  (over  31  °)  and  the  reduction  factor  greater. 
At  828  ft.  is  a  doleritic  spot   with  3  mm.    feldspar 
At  831  ft.  "  "         "  "         "     3  mm. 

These  doleritic  streaks  remind  one  of  Manitou  Belt  51. 

Frontenac  3d.  3  S.  172-325.  In  this  case  the  correlations  in 
Manitou  3d.  3  S.  and  Frontenac  3d.  3  S.  and  49  and  50  are 
identical. 

32.  Feldspathic  ophite? 

Amygdaloid  d  10.     925-929     (4)  (658) 

Prehnitic,  brecciated  (76) 

Amygdaloidal  trap  d  10.     929-1009    72 

Flow  lines,  apparently  at  39°  dip,  coarse  chloritic  and  prehnitic. 
At  971,  982,  998    feet  the  mottles  are 

2,  4  to  5,      2  to  3  mm. 

The  mottling  is  abnormal  at  the  base  and  not  visible  above;  often 
so  in  the  feldspathic  beds. 

33.  Feldspathic  melaphyre  (36) 

Amygdaloid  d  10.     1009-1012     (3) 
Trap  d  10.     1012-1049     (33) 

Slightly    amygdaloidal    with    coarse    amygdules,    feldspathic    and 
fairly  mottled  at  first.     At  1023  2-3  mm.  mottles;  at  1031  seams  at 
50°;  at  1042  appears  finer,  at  1044,  however,  2-3  mm? 
Manitou  54  seems  to  include  or  replace  this  whole  feldspathic  group. 

34.  Amygdaloid  d  10.     1049-1052     (3)  (13) 

Trap  d  10.     1052-1063     (10) 
At  d  10.     1054  2  mm.  mottles 

35.  [Melaphyre  (50) 

Amygdaloid  d  10.     1063-1105  =  42     (38) 
Amygdaloidal  trap  d  10.     1105-1118     (12) 

A  good  many  scattered  amygdules,  some  with  datolite  at  1114;  a 
prehnite  copper  seam  is  nearly  vertical  85  °. 

36.  Amygdaloid  d  10.     1118-1120     (2)  (28) 

Fine  grained,  no  well-defined  contact 

Trap  d  10.     1120-1149     (26) 

At  d  10.     1129     2-3  mm.  mottles. 

37.  Feldspathic  ophite  (19) 

'Amygdaloid  ?  d  10.     1149-1152     (3) 
A  fine  grained  green  seam  with  prehnite  and  copper 
Trap  d  10.     1152-1170 
At       d  10.     1160  faint  2-3  mm.  mottles  (45) 

38.  Ophite     (3  mm.) 

Fault  band  and  spots;  no  marked  amygdaloid  d  10.     1170-1177     (6) 
Trap  d  10.     1177-1220     (39) 
Ophiticat      1188,      1193,        1210 

2  to  3,         3,  2  mm. 

Manitou  55 

Distance  from  baseof  Cal  umet  conglomerate,  (1220-194)  X  cos  dip 
is  900 ±  20  feet  according  to  the  dip  assumed. 
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As  in  8  there  is  a  hea^y  bed  above  the  Kearsarge  and  this  is  true 
elsewhere  and  as  the  distance  up  to  the  Calumet  is  short,  it  is  quite 
likely  that  a  fault  has  cut  out  part  of  this  bed 
39.  Kearsarge  conglomerate  (9) 

Sandstone  and  conglomerate   d  10.     1220-1230  + 

d    8.       167-177 

from  1228  to 
1230  a  regular  mud  with  a  dip  of  30^-  the  best.  Other  dip  observa- 
tions are  30°,  31°,  36§°,  25.5°. 

Correlation  with  No.  8  also  gives  31 J  °.  The  observations  on  the 
core  show^  that  this  steeper  dip  is  real,  not  apparent  and  merely  due 
to  faulting. 

This  is  Manitou  No.  56. 
As  the  distance  to  the  Calumet  conglomerate  is  a  good  deal  less  here  than  at  the 
Manitou  and  Central  it  seems  best  in  Hole  10  to  use  the  dip  to  Hole  1,  26.5°  and  the 
less  reduction  factor,  though  no  doubt  the  dip  really  increases  to  about  30°. 


Mandan  drill  hole  S  at  26  4-  32.  Elevation  3.78  vertical.  Dip  (31f  to  27^) 
about  30°.  Reduction  factor  .86.  .The  dips  and  seams  and  joints  in  the  hole 
indicate  an  even  greater  dip  near  39°. 

"Overburden"  drift,  sand  (48) 

Feldspathic  ophite  (92) 

Trap  d  8.     48-15  + 

At  75  feet  5  mm?  mottles  faint  but  coarser. 

At  115  2  inches  of  clay  fiuccan,  mottles  about  as  coarse,  then  grows 

finer  with  seams  dipping  34°,  brecciated  at  154. 
38?  Melaphyre  (8) 

Amygdaloid  d  8.     158-160 

.Amygdaloid  trap  d  8.     160-167 

This  may  be  merely  a  foot. 

These  beds  do  not  at  all  match  the  section  above  the  Kearsarge  in 

d  10  except  in  their  general  character  as  feldspathic  ophites.     Really, 

however.  Belts  33-39  in  that  hole  are  all  ill-defined  and  so  are  they 

here,  and  in  Manitou  Belts  54  and  55. 


39.  Kearsarge  conglomerate  (9) 

Felsitic  conglomerate 
d  8.     167-177 
Dips  38i  38^,  4U 

Doleritic  feldspathic  ophite  (133  +  ) 

or 

40.  Ophite  (163) 

Bleached  amygdaloidal  trap,  passing  into 

Mottled  trap  177-331-519 

at  194-197,    280,  331     feet  the  mottles  are 

2-3,  5?         finer,  then  there  is  a  curious  coarse  amygdaloid, 

not  an  ordinary  top,  but  quite  likely  .separating  close  succeeding 
gushes.  At  454-499  the  mottles  are  5  mm.-3  mm.  and  then  it  grows 
finer  and  darker-chloritic. 


216  KEWEENAW    SERIES    OF   MICHIGAN. 

At  200  seamed  perpendicular,  at  212  at  30°  dip,  at  331  35°  and 
vertical  or  69°  and  45°  seams  at  33°  parallel  to  bedding? 

Doleritic  with  coarse  feldspar  and  amygdaloidal  at  260,  262,  387, 
388,  392  to  4,  403  to  5,  409  to  410  with  5  mm.  feldspar  and  blotches 
of  chlorite,  426. 

This  is  probably  Manitou  Belts  57  and  58  (296) 

41.  Feldspathic  melaphyre  (25) 

Amygdaloid  d  8.     519-523     (3) 

There  is  a  distinct  contact  liere,  and  below  it  is  red  glomeropor- 
phyritic  with  sparse  amygdules  of  prehnite. 
Trap  d  8.     523-548     (25)' 

Faintly  mottled  at  528-542  (2  mm?)  Perhaps  this  faint  coarse 
mottling  is  due  to  feldspar  aggregates,  glomeroporphyritic. 

42.  Feldspathic  melaphyre 

Amygdaloid  d  8.     548-559     (10) 

Glomeroporphyritic  coarse  amygdules  -  (24) 

Trap  d  8.     559-573     (12) 

Glomeroporphyritic  finer 

Basal  amygdaloid  d  8.     573-574.5     (2) 

43.  Sediment  at  d  8.     574.5 

(Cf.  the  sediment  in  Manitou  Beds  59  to  64) 

44.  Melaphyre  d  8.     574.5.-585  (8) 

Fine  grained 

45.  Sediment  at  585  ft.  below  Kearsarge  conglomerate  353 

46.  Feldspathic  ophite  (71) 

Amygdaloid  d  8.     585-589     (3) 

Trap  d8.     589-667     (68) 

At       d  8.     635  2  mm.  mottle,  seam  at  39 i 

Cf.  Mandan  63,  the  top  of  which  is  258  feet  below  the  Kearsarge. 
A  steeper  dip  here  would  make  a  better  agreement. 

47.  Feldspathic  ophite  (40) 

Fine  grained  top  Mandan  d  8.     667-672     (4) 

Red  glomeroporphyritic,  only  slightly  amygdaloid 

Trap  d  8.     672-713     (35) 

Perpendicular  seams  at  687 

At  692  and  712  is  a  2  to  3  respectively  1  to  2  mm.  faint  mottling. 

48.  Feldspathic  ophite  (60) 

Amygdaloid  d  8.     713-716     (3) 

Fine  grained  with  prehnite  and  copper 

Trap  d  8.     716-782     (56) 

Seam  at  26.5°.     Toward  base  is  darker  and  mottled,  at  753  3  mm. 

49.  Feldspathic  ophite  (62) 

Amygdaloid  d  8.     782-790     (7) 

Fine  grained,  red  with  coarse  chloritic  amygdules. 

Trap  d  8.     790-853     (55) 

At  818  and  825  ft.  the  mottles  are 

2  to  5  and  2  mm. 

The  base  is  also  red  and  porphyritic. 

(25) 

50.  Amygdaloid  d  8.     853-871     (15) 

Red  and  pink  or  white  laumontite,  at  top;  toward  base  prehnite 
or  thomsonite  and  slightly  amygdaloid. 
Trap  d  8.     871-882     (10) 
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51.  Sediment  at  882  (marked  contact)  

Base  below  base  of  Kearsarge  (611) 

Cf.  Manitou  b  67  which  is  178  ft.  above  the  Kearsarge  lode  and 
Central  650. 

52.  Melaphyre.  (25) 

Amygdaloid  d  8.     882-888 

Coarse,  poor 

Trap  d  8.     888-end 

Cf.  Manitou  b.  68 

Owing  to  the  unexpected  steepening  of  the  dip  this  hole  does  not 
quite  lap  No.  6.  Assuming  that  Belt  51  is  178  feet  above  the  top  of 
the  Kearsarge  lode,  as  at  the  Manitou,  the  dip  from  6  would  be  31  f° 
and  all  indications  are  that  the  dip  is  at  least  as  steep  as  that.  * 

The  total  distances  from  the  Kearsarge  lode  up  to  the  Kearsarge 
conglomerate  would  be  about  775  to  789  feet,  of  which  perhaps  88 
feet  are  unrepresented  and  must  be  filled  in  with  the  aid  of  the  Mani- 
tou sections. 

If  the  total  distance  from  base  of  the  Kearsarge  conglomerate  to 
top  of  the  Kearsarge  amygdaloid  is  only  724  feet  as  in  the  Manitou 
3  section  there  will  be  but  29  feet  unrepresented.  If  the  dip  is  steeper «, 
then  Manitou  Belts  70  and  71  may  be  unrepresented  as  71  certainly 
is. 

53.  Sediment  Manitou,  Cf.  71  unrepresented  at  (636?) 


Mandan    drill  hole  6.     50  feet  south  of  Montreal  River,  see  Fig.  25.     Elevation 
439.31    above  Lake  Superior.     Vertical.     Overburden  drift.  (636)     (52) 

54.  Feldspathic  ophite  (26  +  20) 

Trap  d  6.     52-82  begins  faintly  mottled  grows  finer,  at  692,  3  mm. 
Cf.  Manitou  6.     69  and  70 

55.  Melaphyre  (18) 

Trap  d  6.     82-106 

Fine  grained  with  a  little  poor  amj'^gdaloid  top. 

Cf.  Manitou  d  6.     72  which  may  include  53  also 

56.  Ophite  hanging  of  Kearsarge  lode  (38) 

Amygdaloid  d  6.     106-112   (5)  with  red  amygdules  and   white  pink 
bordered  ones. 

The  amygdaloid  looks  something  like  the  Kearsarge. 
Trap  d  6.     112-150     (33) 

Faintly  mottled  cf.  Manitou  73  Frontenac  3.  5.  S.     235-238 
This  will  be  No.  53  of  the  Central  mine  section 
No.  73  of  the  Manitou  3  section 
Base  top  of  Keweenaw  lode  below  base  of  conglomerate  as  esti- 
mated implying  a  dip  of  30°  732 
Cf.  724  feet  at  Manitou  3  724 

57.  Kearsarge  lode  and  porphyritic  ophite  foot 

Amygdaloid  d  6.     150-156     (5) 

With  pink  bordered  amygdules  so  common  in  the  Kearsarge  lode 
and  porphyritic  crystals. 

Trap  d  6.     156-220     (55) 

oLater  drilling  (No.  16)  shows  that  this  is  so,  aiui  indicates  dips  as  steep  as  46°. 
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The  porphyritic  crystals  are  up  to  10  or  15  mm.  x  2  or  3  mm.  at  the 
beginning;  at  168  appear  a  little  coarser  25x5. 
At  180,        200,        208,  feet  the  mottles  are 

2-3,  2,  1-^  mm. 

At  base  chloritic  and  numerous  other  seams. 

In  Mandan  Hole  17.  28  or  62-105,  the  figure  62  being  the  lower 
amygdaloid  in  18.51?  or  84-135-^ 

in  19.35-89   (54)   at  a  60°    dip,    the  hole  beginning  in 
amygdaloid. 

Comparison  of  the  thicknesses  in  the  vertical  hole  and  tho.se  at  60° 
would  indicate  a  dip  of  42°. 

58.  Wolverine  sandstone.     Marvine's  No.  9  (9) 

Sandstone  passing  into  amygdaloid  conglomerate  d  6.  221-231 
Dips  noted  were  55°  (cross-bedding)  29.5°,  35°,  34°  and  32°.  Such 
a  dip  would  imply  a  thickness  of  about  863  feet,  from  the  base  to  the 
base  of  the  Kearsarge,  as  against  982  at  the  Manitou  and  752  at  the 
Central. 

Such  a  dip,  proportionally  greater  thickness  of  section,  and  less 
thickness  of  individual  beds  is  quite  likely  and  has  since  been  shown. 

(801) 
Central  mine  b.56 
Manitou  b.  78 

59.  Melaphyre  (?)  (7) 

Trap  6.     231-239 
Manitou  b.     79  ? 

60.  Ophite  12  mm.  (345?) 

Amygdaloid  d  6.     239-251     (10)  (to  280) 

With  a  clasolite  in  crack  showing  bedding  at  45°  dip  (295) 

The  amygdaloid  contact  dips  28.5°. 
Trap  d  6.     251-649     (335) 
The  mottling  is  well-marked. 


At  254, 

267, 

275,          281, 

302, 

314, 

330, 

340  ft. 

2, 

3, 

3,        3  to  4, 

5  to  6, 

6, 

7, 

8,  ■ 

359, 

378, 

393  ft. 

9, 

10, 

12  mm. 

At  400, 

414, 

430,        441, 

457, 

494, 

524, 

543, 

12, 

10, 

9,          11? 

7? 

8, 

7, 

5mm. 

547,      565, 

584  to  586,      593, 

602, 

607, 

609, 

619, 

4§, 

3, 

2,                  2, 

1*, 

1, 

1  to  2, 

\\  mm 

632,      645 

\ 

h 

mm. 

The  extra  slow  rate  of  increase  in  grain  in  what  appears  to  be  a 
normal  ophite  suggests  that  the  bed  is  cut  quite  obliquely.  This  is 
presumably  Central  mine  58,  occuring  in  Holes  2  and  8,  42-314.  The 
rate  of  increase  there  is  about  1  mm.  in  (10)  feet  thickness  from  the 
bottom,  but  here  it  is  1  mm.  in  14  to  20  (about  18)  indicating  a  dip 
of  30°  to  45°.  In  the  Manitou  Section  3  it  seems  to  be  cut  out  by  a 
fault.  Cf.  Beds  79  and  80.  But  in  Manitou  7  it  is  plainly  Bed  80, 
the  increase  of  grain  being  about  1  mm.  in  12  feet. 
Cf.  also  Franklin  Jr.  666,  Hole  3,  451-535. 

It  does  not  seem  to  be  coarser  grained  than  at  the  Central  and 
Manitou  or  at  any  rate  much  so.  If  its  thickness  is  similar  (250  to 
280  feet)  it  must  be  cut  by  the  hole  at  an  angle  of  near  45°. 
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61.  Amygdaloid  649-652.  (3) 

Perhaps  just  a  gush  of  the  great  ophite  or  part  of  the  conglomerate 
below. 

62.  Amygdaloid  conglomerate  d  6.     652-657  (5) 

Band  of  indurated  sandstone  dipping  33°  at  the  top,  then  a  quite 
distinct  conglomerate. 
Base  below  base  of  Wolverine  sandstone 
Cf.  Central  mine  d  6.     59  and  60 
Manitou  b  81 
,     Franklin  Junior  67  at  d  3.     535' 4". 

63.  Amygdaloid  melaphyre  (1^) 

d  6.  657-676 

Greyish,  decomposed  in  appearance 

64.  Ophite  (121)? 

Amygdaloid  d  6.     676-699     (21) 
Amygdaloid  trap  and  breccia 
Trap  d  6.     699-814  +  (100)  ? 

Disturbed  with  laumontite,   and   copper  seams  at  33.5°,  at  737 
fluccan?,  near  737  big  perpendicular  laumontite  seam,  at  750  and 
lower,  prehnite  and  copper,  also  seams  at  59°  to  core. 
At     704,        712,      730,      737,  782-802,    814  feet  the  mottles  are 

1  to  2,   2  to  3,     3,  4?       3  to  2  mm.    invisible,  respectively. 

Manitou  b.     82?     Central  b.  61  to  62  does  not   show  it.     Is  there  a 
fault  repetition,  58,  59,  and  60  being  repeated  in  62,  63,  64?     It  is  pos- 
sible. 
It  will  be  noticed  that  Mandan  Hole  6  has  no  good  correlation  in  either  direction 
and  therefore  might  have  the  steeper  dip  which  is  found  in  this  last  hole.     The  fact 
that  a  flatter  dip  was  found  to  the  north  influenced  me,  perhaps,  in  assuming  a 
somewhat  too  flat  dip  in  this  hole.     Subsequent  work  on  the  Kearsarge  lode  shows 
that  it  dips  about  46°  and  the  section  should  be  amended  accordingly  (Fig.  25), 
lengthening  the  section  in  the  ratio  7/5  and  narrowing  the  indi\^dual  beds. 


■  Mandan  drill  hole  4.     The  indication  of  dip  in  the  upper  parts  of  the  hole  average 
33 °§.     Such  a  dip  would  mean  an  overlap  Avith  Hole  6,  and  a  reduction  factor  of 
0.84.     This  is  assumed,  hut  the  dip  might  be  and  probably  is  steeper. 
1.  Overburden     20 

(64).  Feldspathic  ophite 

Trap  d  4.     28-49  -  (18) 

Mottles  2-3  mm.  at  beginning,  then  finer. 

Basal  amygdaloid  -  

Base  below  base  of  Wolverine,  if  this  is  64  about  (497) 

(65).  Sediment  d  4.     49 

Green  epidotic  dip  (5:8)  32° 

Cf.  Mandan  d  6.  652.  This  is  the  only  correlation  that  can  pos- 
sibly be  made  for  the  hole  in  Bed  6  and  is  not  impossible.  The  dip 
would  then  be  28.5°.  But  though  not  lithologically  impossible  it 
does  not  seem  likely.  If  it  does  not  appear  in  6,  however,  there  is  no 
reason  why  the  trap  above  should  not  be  that  at  the  base  of  Hole  6, 
the  bottoui  of  which  is  nearly  reached.  A  dip  of  33  °J  would  be  im- 
plied. 
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(66).  Feldspathic  ophite  (33) 

Amygdaloid  d  4.     449-62     (11) 
Green  sedimentary  contact  dips  32° 
Amygdaloidal  trap  d  4.     62-88     (13) 

Coarse  feldspathic,  the  amygdaloid  hands  dipping  33°§  to  35°§,  at 
91  and  93  feet,  green  amygdaloid  inclusions  or  bands. 
Trap  d  4.     88-160  ? 

At  98  there  are  3-4  mm.  mottles,  at  117  calcite  and  laumontite 
seams  at  45°  and  thence  on.  The  trap  becomes  chloritic;  reddish 
altered  olivine  is  characteristic  of  the  flow. 

67.  Feldspathic  ophite,  a  glomeroporphyrite  (40) 

Amygdaloid  d  4.     160-180     (17) 

Looks   like  a  basal  amygdaloid,   fine  grained,   glomeroporphyritic 
seams  dip  from  34°  to  31,  28,  22° 
Trap  d  4.     180-208     (23) 

Coarse,  faintly  mottled,  with  chloritic  and  altered  olivine.  There 
is  a  distinct  tendency  in  these  traps  to  feldspar  phenocrysts  with  red 
porphyritic  base.  There  is  an  amygdaloid  streak,  not  a  contact  at 
198-200. 

68.  Glomeroporphyrite,  amygdaloidal  (12) 

Amygdaloid  d  4.     208-223 

Fine  grained  red  porphyritic  with  small  irregular  amygdules  and  a 
well-marked  basal  contact  dipping  28°. 

69.  Glomeroporphyrite.  (54) 

d  4.     223-277 

At  top  poor  with  a  glomeroporphyritic  tendency,  at  252  feldspathic, 
medium  fine  grained,  growing  finer,  red  and  more  markedly  glomero- 
porphyritic. 
Cf.  Central  mine  Beds  97-115  and  above. 

Manitou  d  7.  d  6.  82-91.  It  is  characteristic  of  this  part  of  the 
column  that  the  amygdaloids  belong  as  much  with  the  flow  above  as 
that  below. 

70.  Amygdaloidal  porphyrite  (22) 

d  4.     277-300  or  304 

Coarse  chloritic  amygdaloid  with  fine  grained  porphyritic  trap  from 
289  on. 

71.  Amygdaloidal  porphyrite  (43) 

d4.     304?-334?     (25) 

At  306  only  a  spot  of  amygdaloid,  at  319-320  a  green  enclosure 

At  328-334  glomeroporphyritic. 

Here  the  hole  crosses  a  much  disturbed  red  belt  or  slide  dipping 
39°  extending  to  337  or  8.  A  calcite  seam  dipping  about  28°  is  faulted 
by  steeper  seams.     The  motion  seems  both  reversed  and  normal. 

Trap  d  4.     334-356     (18) 
72. 


This  may  be  some  other  bed. 

Ophite  (4  mm.) 

Amygdaloid  d  4.     356-364 

Trap  d  4.     364-460? 

At     377,          381,          386, 

391, 

412,                418, 

428, 

1  to  2,      2  to  3,      2  to  3, 

3 

6  (prism)       4, 

3H, 

454 

1-2  mm. 
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At  418,  423  and  428  are  doleritic  spots  with  copper. 

Cf.  contact  Bed  72,  607  feet  below  the  Wolverine  sandstone. 

73.  Feldspathic  ophite  (790) 

Amygdaloid  d  4.     460-468     (7)  (49) 

From  d  4.     462-6.5  epidote.then  to  468  a  dark  and  pink  amygdaloid. 
Trap  d  4.     468-517     (42) 

Coarse  and  faintly  mottled  (839) 

74.  Melaphyre  (23) 

Amygdaloid  d  4.     517-522     (4) 

Red  and  white 

Trap  d  4.     522-545     (19) 


Fine  grained  (862) 

75.  Amygdaloidal  melaphyre  (8) 

Amygdaloid  d  4.     545-550     (4) 

With  chlorastrolite?  thomsonite  and  calcite  amygdules 

Trap  d  4.     550-556     (5) 

76.  Amygdaloidal  melaphyre 

Amygdaloid  d  4.     556-565     (8) 

Green  with  prehnite  or  thomsonite  and  copper 

Trap  d  4.     ,565-568     (3) 

76.  Amygdaloid  d  4.     568-572     (3)  (20) 

Coarse,  not  a  new  flow  and  no  contact,  part  of  the  trap,  with  open 
bubbles  lined  with  crystals. 
Trap  d  4.     572-589     (14) 

Amygdaloid  base  d  4.     589-592     (3)  (901) 

77.  Amygdaloidal  melaphyre  (glomeroporphyritic)  (39) 

Amygdaloid  d  4.     592-597     (4) 

Trap  d4.     597-600     (3) 

Glomeroporphyritic  amygdaloid  d  4.     600-603  (2) 

Amygdaloidal  trap  d  4.     603-607     (3) 

Amygdaloid  d  4.     607-608     (1) 

Trap  d  4.     608-610     (2) 

Amygdaloidal  trap  d  4.     610-612       (2) 

Trap  d  4.     612-635  (20) 

Amygdaloid  d  4.     635-638  (2) 

Trap  d4.     637-638  (1) 


Fine  grained  (940) 

Amygdaloidal  melaphyre  (940) 

Amygdaloid  d  4.     638-640     (2)  (13) 

Green  with  white  crystals 
Trap  d  4.     640-642  (2) 

Amygdaloid  d  4.     642-644     (2) 
Trap  d4.     644-649     (5) 

Amygdaloid  d  4.     649-652     (3) 
Trap  d4.     652-653     (1) 

Contact  appears  to  dip  55°.  In  general  the  apparent  dip  is  near 
45°.  But  in  this  part  of  the  section  not  only  is  the  dip  steeper  but 
the  strike  is  not  at  right  angles  to  the  line  of  the  section,  which  would 
tend  to  flatten  the  dip  on  that  line. 
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79.  Feldspathic  ophite  (4  mm.)  (76) 

Amygdaloid  d  4.  653-654-666 
Indications  of  45°  dip  or  more 
Trap  d  4.     666-743 

Witli  occasional  amygdules  of  pink  (copper  bearing  ?)  prehnite  as 
shown  in  the  cuts  back  of  R.  C.  Pryor's  house,  Houghton,  near  the  Isle 
Royale  lode. 
At  675  feet  a  seam  dipping  53  °  with  calcite  and  copper. 

At  686  a  2  to  5  mm.  mottling,  at  696  thomsonite,  at  700  are  seams 
at  71.5°  to  each  other  and  at  28°  and  at  right  angles  to  each  other. 
Then  are  specks  of  copper  in  a  doleritic  amygdaloid  and  at  707  a  de- 
composed seam  at  54°^  ? 
At     686,        708,        718  feet  the  mottles  are 
2  to  5,         4,  3?  mm.  and  then  finer. 

(953) 

80.  Amygdaloidal  melaphyre  (14) 

Amygdaloid  d  4.     743-745  (2) 

Poor,  red 

Amygdaloid  trap  d  4.     745-760     (13) 

Joints  dip  64°  and  there  are  amygdaloid  streaks  at  749,  752  and  to 
756.     From  756-759  it  is  brecciated  and  chloritic. 


(967) 

81.  Feldspathic  ophite  (33) 

Amygdaloid  d  4.     760-765     (4) 

Red  above,  changing  to  cold  yellow  or  greenish  grey  at  the  bottom 
as  is  so  common. 
Trap  d  4.     765-799     (29) 
Faintly  mottled,  growing  finer  from  785  on. 

Cf.  Central  mine  b  179.  (1000) 

82.  Feldspathic  ophite  (27) 

Amygdaloid  d  4.     799-814     (13) 

With  laumontite,  red  and  white  above  passing  into  green  and  white 
below.     Trend  of  amygdaloid  lines  at  about  45°  to  the  core  well 
marked. 
Trap  d  4.     814-831 

Faintly  mottled  (14)  (1027) 

83.  Sediment  at  d  4.     831 

Only  two  or  three  inches  dip  39°  but  note  that  more  appears  for 
some  distance  below  at  835,  907  etc. 

According  to  the  probable  dip  it  is  800  to  900  feet  below  b.     657  or 
1167  to  1267  below  the  Wolverine. 
Cf.  Manitou  7  beds  92  to  96 
Cf.  Bed  81  (1042)  below  the  Wolverine  at  the  Central  mine. 


From  this  point  on  a  reduction  factor  of  .78  dip  39°  is  used. 


84.  Amygdaloid  gush  (3) 

Amygdaloid  d  4.     831-835  ? 

Sedimentary  contact  beneath  dips  45°  (1031) 
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85.  Amygdaloid  d  4.     835-810     (4)  (14) 

Amygdaloid      trap  d  4.     840-853     (10) 
Amygdaloidal  spot  d  4.     840-843 
Sedimentary'  contact  beneath  dips  49  ° 


(1015) 
"With  these  three  sediment  contacts  cf.  in  the  Manitou  7  section 
Beds  92  and  96. 

86.  Feldspathic  ophite  (10) 

Amygdaloid  d  4.     853-857     (3) 

Trap  d  4.     857-866     (7) 

Faintly  mottled  with  poor  amygdaloid  at  base. 

87.  Feldspathic  ophite  (1055) 

Amygdaloid  ?  d  4.     886-869     (2) 
All  sludge,  chloritic,  perhaps  a  seam 
Trap  d  4.     869-918     (38) 

Feldspathic,  faintly  ophitic  at  908  a  clasolitic  seam  crossing  at  45°, 
slightly  amygdaloidal  at  914  to  916,  at  900  minute  specks  of  copper 
in  the  trap. 

88.  Melaphyre  (1096) 

Amygdaloid  d  4.     918-931     (10) 

Flow  Unes  nimaerous  and  well-marked  and  dip  at  45°.     The  amyg- 
dules  are  hard  and  either  thomsonite  or  prehnite. 
Trap  d  4.     931-1003     (56) 

Not  mottled,  at  least  plainly.  There  are  occasionally  brecciated 
and  amygdaloid  spots  (961  and  986)  but  on  the  whole  it  is  massive. 
At  964-965  it  is  veined  (66) 

89.  MelaphjTe  (1162) 

Amygdaloid  d  4.     1003-1009     (5) 

Green  with  pink  bordered   amygdules  and  a  glomeroporphjTitic 
tendency. 
Trap  d  4.     1019-1107  (1239) 

Glomeroporphj-ritic  with  amygdaloid  spots  at  1015,  1020,  1023, 
1050,  1062  ' 

Seamed  at  a  45  °  angle 

90.  Feldspathic  melaphjTe  (77) 

Amygdaloid  d  4.     1107-1113     (5) 

Black  with  red  amygdules.     Apparent  dip  45°  or  so. 

Trap  d  4.     1113-1206     (73) 

Massive  feldspathic.     At  1149  a  fissure  seam 

Below  Wolverine  sandstone  (1316) 

We  don't  seem  to  have  reached  Central  mine  96  or  Manitou  7. 

Mandan  Holes  24  and  25  are  in  the  shaft  from  the  Medora  to  the 
Conglomerate. 

Holes  10  (245  feet  at  66°)  and  13  (352  feet  vertical)  are  about  in 
the  horizon  of  12.  Holes  11  (92  feet),  3  (1095  feet),  5  (405  feet)  and 
7  (732  feet)  are  about  in  the  horizon  of  12,  looking  at  the  Houghton 
conglomerate  and  Montreal  lode.  Hole  15  is  about  4000  feet  west  of 
No.  10.  Hole  22  (514  feet  at  61  °  to  S.)  is  about  1650  feet  and  No.  23 
(.551  feet  at  62°  i  to  S.)  about  3130  feet  east. 

Exploring  the  Calumet  and  Osceola  horizon.  Hole  21   (460  feet  at 


224  KEWEENAW    SERIES    OF    MICHIGAN. 

61.5°)  is  650  east  and  250  south.  Nos.  17  (167  feet  at  61°),  18  (173 
feet  at  61°),  19  (12  feet  at  60.5°)  and  20  (144  feet  at  61°)  test  the 
Kearsarge  lode  and  are  along  the  Montreal  River  800,  1400,  2100,  and 
3350  feet  east  of  the  section  respectively. 


Mandan  drill  hole  17.     Began  in  Kearsarge  amygdaloid;  an  upper,  not  typical 
bed 

1.  Drift  (28) 

2.  First  Kearsarge  amygdaloid  d  17.     28-41 

Large  occasional  amygdules,  altered,  light  green,  like  altered  prehnite, 
with  10  mm.  phenocrj'sts.     Seams  at  26°  to  core. 
Trap  d  17.     39-62 
With  dips  nearly  parallel  to  core  from  d  17.     56-60 

3.  Main  Kearsarge  amygdaloid  and  foot 

Amygdaloid  d  17.     62-78 

Trap  d  17.     78-105 

With  large  phenocrysts  and  copper  at  89,  105  and  121 

4.  Wolverine  sandstone  about  105? 

5.  Ophite  d  17.     105-146 

At  146  a  calcite  vein  with  lots  of  copper.     Dip  against  core  29°.     There 
are  also  gaping  cracks  at  32°.  ,    .    ,    ^ 


Mandan  drill  hole  18.     A  specimen  gave  a  good  illustration  of  the  Kearsarge  foot 
and  is  reproduced  in  Plate  VII. 

1 .  Overburden 

2.  Grey,  not  mottled  trap  d  18.     34-44 

3.  Feldspathic  melaphjTe  d  18.     44-84 

Amygdaloid  d  18.     45-51 

Trap  d  18.     51-84 

Chlorite  blotches  and  1  mm.  feldspar 

4.  Kearsarge  amygdaloid  and  foot  porphyrite  ophite 

Amygdaloid'  d  18.     84-90 

Trap  d  18.     90-135-i  (See  PI.  VII,  for  d  18.     90) 

Phenocry'sts  up  to  25  mm.  long;  some  red,  some  green;  the  red  does  not 
show  twinning,  mottled  at  about  106  feet,  and  from  134-135J  amygda- 
loidal  and  fine. 

5.  Wolverine  sandstone,  only  an  inch  or  two,  green  epidotized 


6. 


Amygdaloid  d  18.     135-143 

Well-marked  to  137  feet;  spotty  to  143  feet 

Trap  d  18.     143-174 

With  numerous  brown  specks  of  altered  olivine 


Mandan  drill  hole  19.     Like  18.     Dip  60°. 

1 .  Overburden 

2.  Kearsarge  amygdaloid  and  foot  porphyrite  ophite 

Amygdaloid  d  19.     35-48 

From  35-43  is  the  amygdaloid  proper  with  white  amygdules  of  calcite, 


PLATE  VII. 
Typical  drill  cores.    Beginning  from  left  to  right,  they  are  as  follows: 

20485  Manitou  d.  3  at  122  feet  represents  amygdaloid  conglomerate  such  as 
occurs  at  about  the  horizon  of  the  Houghton  conglomerate,  Montreal  lodes.  Brown 
sedimentary  matrix  full  of  bubbles.  Pebbles  of  amygdaloid  with  pink  and  white 
amygdules. 

15295  f upper  row)  Isle  Royale  d.  7  at  295  feet.  Cores  from  a  "glomero- 
porphjTite,"  like  the  hanging  of  the  Pewabic  lode,  near  center  of  flow. 

15384     (lower  row)     Is  the  same  type  near  margin  of  flow. 

17956  (upper  row)  Franklin  Junior  d.  3  at  345  feet.  Kearsarge  amygdaloid 
containing  copper  sho^%-ing  the  difference  between 'the  round  amygdules  and  the 
angular  porphyritic  feldspar  in  the  center  toward  top  of  the  core. 

(lower  row)  Mandan  d.  18,  at  90  feet  depth.  Kearsarge  amygdaloid 
foot — labradorite  porphyrite,  showing  the  pink  and  green  phenocrysts  of  feldspar, 
characteristic  of  this  flow,  though  the  points  where  the  two  cores  are  taken  are  over 
twenty-five  miles  apart. 

17999     (upper  row)     Mendota  d.  3  4  X.  at  460  feet.     Doleritic  texture. 

20491  (lower  row)  Mendota  d.  40  at  55^  feet.  Smooth  bit  of  fine  grained 
felsite  (should  be  somewhat  redder  in  tone  than  the  core  immediately  to  the  left, 
and  should  give  impression  of  smoother  or  finer  grain). 
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prehnite,   quartz   crystals  anil  copper  after  the  prehiiite  and  in  quartz 
crystals.     It  then  passes  into  an  amygdaloid  trap  with  chloritic  amyg- 
dules  and  copper.     The  i>henocrysts  of  labradorite  are  15  mm.  long  and 
speckled  green. 
Trap  d  19.     4S-S9 

With  large  phenocrysts  and  at  the  same  time  with  augite  mottles,  2 
mm.  at  77,  finer  at  86 

A  pink  fissure  at  26°  to  the  core;  probably  nearly  vertical  cro.s.s-cut  at 
67. 

3.  Wolverine  sandstone  d  19.     89-90 

A  red  basic,  fine  grained  conglomerate  or  shale,  about  11°  from  being 
perpendicular  to  core,  indicating  a  41°  dip. 

4.  Ophite 

Amygdaloid  d  19.     90-96 

Trap  d  19.     96-114 

Pink  and  blotched  to  105 
No.  26  was  vertically  north  of  No.  19  800  feet,  while  a  pit  on  the  Kearsarge 
lode  wa;s  100  feet  south  and  found  the  Kearsarge  amj-gdaloid  so  deep  that  a 
dip  of  some  46°  was  indicated. 


In  almost  direct  line  with  the  Mandan  section  is  the  Mendota  section  be- 
neath and  the  work  of  F.  E.  Weight  (Ammal  report  for  1908).  Just  how  much 
of  the  Mendota  section  is  cut  out  by  the  slide  in  Hole  4  is  uncertain.  Hole  4 
should  cover  about  half  a  mile  south  of  the  Montreal  River.  This  would  leave 
about  half  a  mile  uncovered  to  the  Bohemia  conglomerate,  in  the  north  part 
of  Section  29, — the  series  of  conglomerates  and  felsites  which  Hubbard  has 
covered.  (Vol.  VI,  Pt.  II  and  above  §  2).  The  section  below,  quite  pos.sibly 
beginning  in  the  very  bed  in  which  Hubbard  left  off  in  the  Montreal  section, 
is  given  by  the  Mendota  section  (Fig.  26)  which  brings  us  down  to  a  conglome- 
rate under  a  heavy  trap  in  which  an  acid  rock  is  intrusive  (Ss.  20487  to  20500) — 
a  felsite  porphyrite.  In  the  Mendota  section,  1400  feet  of  thickness  ^  about 
1600  feet  horizontally.  The  Lac  La  Belle  conglomerate,  the  first  marked  con- 
glomerate beneath  a  hea^'y  series  of  ophites,  with  a  very  heavy  one  (the  Mabb 
ophite?)  just  above.  This  suggests,  comparing  the  section  at  the  Isle  Royale 
(Fig.  44),  that  we  have  here  the  section  above  Conglomerate  3  with  the  beds 
thickened. 
Mendota  section.  W' .  J.  Penhallegon,  Superintendent.  Part  of  the  Calumet  and 
Hecla  explorations.  Fig.  26.  Runs  practically  due  north  and  the  exact  strike 
l)robably  varies  from  11  to  15°  from  the  line  of  section. 

The  tangent  of  the  dip  should  thus  be  increased  by  (cos  11°  to  15°  or  possibly 
more)  2  or  3  %  and  all  horizontal  distances  in  the  same  proportion  (97  to  98  %  of 
these  along  the  section)  in  order  to  get  a  section  at  right  angles  to  the  strike. 

Thicknesses  will  be  reduced  in  the  ratio  not  far  from  cos  x  where  tan  x  =  tan 
11°  sin  40     therefore 

X  =  about  8  °  and  cos  x  =  .99 

The  error  is  therefore  probably  insignificant.     That  the  holes  are  nearly  at  right 
angles  to  the  beds  is  also  shown  by  the  rapid  increase  in  grain  of  the  ophites. 
29 
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MEISDOTA   SECTION 

NORTH  FUOM  LAC  LA  BELLE 

One  <{iiani-r  Mile  EaX  or  W«ft  Line  In  SwtIIod  :|Z,  T.S8  N.,  K.29  W. 
W.  J  P«*nhaU(;Kon.  Su|t«rlnt4*ud»-Hl 


Fig.  26  Mendota  cross-section  north  from  Lac  La  Belle,  ^  mile  east  of  west  line  in  Section  32,  T. 

58N.,  R.29  W. 


Mendota  drill  hole  44.  1680  feet  north  of  Lac  la  Belle,  f  mile  west  of  east  line  of 
Section  32,  T.  58  N.,  R.  29  W.,  210  feet  above  Lake  Superior,  Dip  of  hole  50°,  of 
strata  probably  43°.  The  deviation  of  these  strata  from  a  Une  at  right  angles  to  the 
hole  should  not  be  over  10°.  Thus  no  appreciable  error  is  made  in  the  thickness.  The 
general  character  of  the  heavy  ophite  beds  is  much  like  that  of  the  Atlantic  crosscut 
on  Section  18,  but  there  are  epidote  tops  instead  of  amygdaloid  conglomerates. 
The  heavy  bed  13  may  represent  the  ophite  and  the  Lac  la  Belle  conglomerates, 
Conglomerate  3,  and  the  Baltic  conglomerate. 

16  feet 

(80-) 


(112) 


At  59-60  and  67-68  light  colored,  yellow,  grey  and  white,  coarse  epidotic 
generally 


1. 

Overburden 

16  feet 

2. 

Ophite     (6  mm.  +  ) 
Trap  d  44.     16-59 
Grows  finer;  20,      26,      40  to  43, 

50  to  51  feet  the  mottles  are 

4,       6,        2  to  3; 

1  to  2  mm. 

3. 

Ophite  (5  mm.) 

Amygdaloid  d  44.     59-77 
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Trap  d  44.     77  to  172 

Seam.ed  at  77  feet  and  at  134,  at  30°  at  84;  faintly  nioftled  from  166-172, 
on 

at   86,      123  to  127.      1.53  feet  the  mottles  are      • 
3,  5,  2  to  3 

4.  Ophite  2-h  mm.  (.51) 

Amygdaloid  d  44.     172-194 

Epidotic  and  chloritic  to  179  or  188,  continues  with  calcite  and  launion- 
tite  seams  to  base. 
Trap  d  44.     194-223 

At  194,        201  to  205  feet  the  mottles  are 
1,  2  to      3  mm.,  then  finer. 

5.  Ophite  (5  mm.)  (124?) 

Amygdaloid  d  44.     223-228 

From  223-225,  apparently  epidote  and  there  are  epidote  streaks  at  230 
and  230  J.  The  epidotic  chloritic  amygdaloid  seems,  however,  to  go  only 
to  228. 

Trap  d  44.     228-347 
At  249  to  258,      287,     293  to  300,      337,        .344,      354   feet    mottles   are 

3  to      4,         4,         5  3,        2-3,      1-2   mm. 

The  formation  is  evidently  disturbed,  as  the  grain  shows. 

Between  260  and  306  feet  are  seams,  some  presumably  nearly  vertical 
at  30°  and  at  an  angle  of  71.5°  to  the  core.  "We  may  interpret  them  that 
the  north  side  of  the  core  is  moved  east. 

At  340,  344  and  358  are  epidote  bands,  at  344-347  is  epidote  and  amyg- 
daloid with  fissures 

6.  Ophite  (4  mm.)  78 

Amygdaloid  d  44.     347-350 

Trap  d  44.     3.50-421 

At  392  the  mottles  are  4  mm.,  then  it  is  finer  to  421 

7.  Ophite  (4  mm?)  (108?) 

Amygdaloid  d  44.     421-444 

Alternating  epidote  and  epidotic  grey  amygdaloid    with    laumontite 
seams,  yellow  epidotic  423-428 
Trap  d  44.     444-529? 

Coarsest  above  511.    d  44.    511  matches  well  enough  in  grain  d  42.     133. 
The  mottling  is  banded  in  alternations  of  fine  and  coarse  from  1  to  4  mm., 
at  459,  at  467  it  is  3  mm. 
At  the  end  from  511  to  529  it  is  brecciated  and  very  epidotic. 

On  the  whole  the  hole  is  unpromising.  There  is  an  unusually  large 
amount  of  bright,  yellow  green  epidote. 


Mendota  drill  hole  1^2.     1236  feet  from  Lac  la  Belle,  156  above  it,  Lake  Superior. 
Dip  of  hole  50°,     It  should  lap  the  bottom  of  Hole  44  which  it  may  very  well  do. 
Correlating  d  42.     133  and  d  44.     511  means  a  dip  of  50°.     A  point  70  feet  down  in 
44  is  on  a  level  with  42  and  399  feet  from  it. 
Overburden  14-feet 

?  (7)  Ophite  (4  to  6  mm.)  (117?) 
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Trap  (I  42.     14-133 

Epidotic  at  20  to  21  and  50,  seamed  at  75  to  87,  at 

56,     75,  87  feet  the  mottles  are 

2,  3  or  4  to  G  mm.  and  at  87  it  is  coarsest  and  firows  finer  below. 
Nearly  the  whole  flow  must  be  represented. 

No  higher  position  or  less  dip  can  be  allowed  as  the  epidotized  sandstone 
and  amygdaloid  conglomerates  d  42.     140-155  is  not  represented  iji  d  44. 

8.  Amygdaloid 

Amygdaloid  d  42.     133-146 
Red  and  white 

9.  Sediment 

Epidotized  sandstone  ?  d  42.     146-155 
Some  amygdaloid  conglomerate  also 

10.  Melaphyre. 

Trap  d  42.     155-170 

The  relations  of  8,  9  and  10  are  not  quite  clear,  one  would  suspect  mis- 
placement of  core. 

11.  Amygdaloid  d  42.     170-172 

Trap  d  42.     172-224 

There  are  slickensided  seams  which  make  an  angle  of  less  than  12°^ 
with  the  hole.     At  192-210  are  faint  1  mm.  mottles. 

12.  Amygdaloid  d  42.     224-227 i,  and  230-235       . 

Epidotic  brecciated 

There    are   also    epidotic  streaks  at  240-242,  252^-253J,  254-260,  259- 
270,  280-284 
Trap  d  42.     235-302 

This  all  appears  fine  grained  and  the  change  in  grain  at  302  is  sudden 
as  though  there  were  a  displacement  there. 

13.  Ophite  (12  mm.) 

Trap  (with  intrusions)  d  42.     302-577 

At  302,        333,  382,  391  feet  the  mottles  are 

3,  7,       7  to  9,      9-10  mm. 

At  400-405  is  a  felsitic  intrusion  with  sulphides. 
At      422,  440,  450     feet  the  mottles  are 

8  to  11,        9  to  10,        4  to  5  mm. 

At  445  it  is  seamed  parallel  to  the  hole  and  the  grain  is  coarser  again; 
at  482  to  499  the  mottles  are  10  mm. 
At  510  and  520  the  mottles  are 

10  and    12  mm.  respectively  and  as  coarse  at  577. 

At  499-502  is  a  coarse  feldspathic,  that  is,  doleritic  streak  and  again  at 
530  and  533. 

Where  it  is  seamed  the  pattern  is  sometimes  plainer,  sometimes  fainter. 
At  529  in  a  seam  practically  parallel  to  the  hole  is  chalcopyrite.  The  bed 
evidently  occurs  at  the  top  of  40.  While  in  a  way  d  42.  400-405  cor- 
responds to  d  40.  55  to  74 i,  one  can  not  base  any  correlation  on  that  as 
an  intrusion,  neither  can  one  correlate  by  grain  as  there  has  been  so  much 
faulting. 


Mendota  drill  hole  Jfi.     340  feet  from  Lac  la  Belle,  and  100  feet  above  it,  the  strong- 
terrace  there  being  about  110  feet  above  the  lake. 

A  point  73  feet  down  in  No.  42  and  only  (1236-840    difference  in  altitude  (56)  x 
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cot  50°)  349  feet  from  the  top  of  No.  1  is  on  a  level  with  it.     There  must  therefore 
be  a  great  overlap  of  40  and  42. 
Overburden  19  feet 
13.     Ophite  (15  +  mm.)  about  (400) 

Trap  d  40.     9-435  (with  intrusive  felsite) 
At  16  and  49  the  mottles  are  10  mm. 

At  53  to  74  J  is  a  compact  felsite  porphyrite,  Ss.  20486-20500 
At  81,        105-118,     172,        283,  330,  380  feet   mottles   are 

9,  10-15,         15+,      13+,    10-12,     (7  to  8)  X  4  mm.  prisms 

At  403,        416,        434  feet  the  mottles  are 
4,  2,  I  mm. 

The  rate  of  increase  of  grain  shows  that  this  ophite  is  cut  nearly  at 
right  angles.  Hole  42  does  not  show  any  of  the  bottom  finer  grain  and 
therefore  can  not  correspond  to  anything  below  say  d  40.  330,  nor  can  d  40 
16  correspond  to  anything  above  d  42.  391.  The  dips,  faulting  apart,  must 
then  be  between  23.5°  and  57°  (averaging  40°).  Penhallegon  told  me 
that  the  dip  from  the  outcrop  of  the  conglomerates  cut  at  d  40.  685  to 
that  point  was  62°. 

At  108-110  it  is  chloritic,  at  d  40.  148  are  crystals  of  a  zeolite.  Cf.  this 
M-ith  the  big  ophites  at  Sand  Bay,  Mamainse. 
This  heavy  ophite  is  of  some  especial  interest.  Its  coarsest  grain  leads  to  knobs 
half  an  inch  across,  easily  recognized  in  the  field,  and  as  a  matter  of  fact  both  F.  E. 
Wright,  in  his  Mt.  Bohemia  work, '  and  Hubbard  *  mention  it.  The  exposure 
which  Irving  refers  to  as  in  the  south  part  of  Section  4,  T.  56,  R.  31, '  may  refer  to 
an  exposure  1980  paces  north  and  550  paces  west,  i.  e.,  close  to  Section  4,  T.  57,  R. 
31,  for  the  location  given  is  surely  a  misprint. 

Such  a  heavy  flow  should  be  fairly  persistent  and  one  is  tempted  to  correlate  it 
with  the  Mabb  ophite,  the  heaviest  flow  at  about  this  horizon  in  the  Isle  Royale 

section. 

The  intrusion  into  the  ophite  was  of  especial  interest,  and  it  seemed 
especially  worth  while  to  see  whether  it  were  connectetl  with  felsites  like 
these  of  the  Bare  Hills  or  the  red  rock  associated  with  the  Mt.  Bohemia 
Gabbro,  described  by  F.  E.  W^right. 

It  is  rather  notable  that  in  most  ca.ses  intrusive  red  rocks  seem  to  me  to 
be  associated  with  large  masses  of  ophite.  ^ " 

The  specimens  are  20486  to  20500.  Cf.  16919,  525  N.  615  W.  Section 
29,  T.  58  N.,  R.  29  W'. 
The  rock  proves  to  be  like  Hubbard's  felsite  porphyrite  (Beds  E  and  G  of  Volume 
VI)  not  like  the  gabbro  aplites,  having  a  ground  mass  of  elongate  sub-parallel 
orthoclase  and  oligoclase  (about  0.2  mm.  long  and  .05  wide)  with  magnetite  (.025 
mm.)  chlorite,  epidote,  calcite  and  enclosures  in  which  the  feldspar  is  less  parallel. 
One  phenocryst  has  extinction  angles  23°-10°.  Comparing  center  and  margin  the 
main  change  is  that  at  the  center  the  crystals  are  broader. 

Sp.  20486  (Mendota  d  40.  74J)  is  a  specimen  of  the  ophite  immediately  ad- 
jacent to  the  red  intrusion.  The  original  mottles  are  pretty  thoroughly  altered  to 
chlorite  and  calcite  and  appear  lighter.  Iron  oxide  appears  to  have  been 
crowded  out  from  them  and  the  chlorite  is  less  abundant.  The  mottles  are  from  5  to 
10  mm.  across  averaging  about  8  and  about  as  coarse  as  at  16,  49  and  81  feet.     It  is 

7  Report  for  1908. 

sVol.  VI,  Pt.  II,  PI.  IV,  Fig.  8,  pp.  72-73. 

"Monograph  V,  Copper-bearing  Rocks  of  Lake  Superior,  p.  176. 

loFor  instance,  at  Mamainse  both  near  Roussain's  and  near  Sand  Bay,  Mt.  Boliemia,  Por- 
cupine Mountains  and  soutli  at  Berghind,  Bad  River?  Duhith? 
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noteworthy  that  this'ophite  does  not  have  any  uralite  such  as  occurs'in  the  ophite 
next  to  the  gabbro  aplite  intrusions  but  Wright  says  that  a  direct  change  to  chlorite, 
such  as  we  have  here,  also  occurs  there.  The  feldspar  extinctions  lead  to  an  andesite 
composition  much  such  as  Wright  found  for  the  red  rock. 

Sp.  20487  is  also  at  74^  feet  and  from  the  "red  rock"  immediately  adjacent  to  the 
ophite.  It  is  decidedly  finer  than  20494  but  this  is  due  not  so  much  to  the  length 
of  the  feldspar  as  to  their  thickness.  In  extreme  length  there  is  no  material  differ- 
ence though  in  average  length  20494,  near  the  center  of  the  intrusion,  is  probably 
somewhat  coarser. 

Sp.  204891  (72  feet)  is  2§  feet  from  the  contact  and  is  distinctly  coarser  and  more 
crystalline  than  20487  which  is  from  the  extreme  edge.  The  oligoclase  is  from  0.1 
to  0.3  mm.  long  by  .02  to  .03  across,  occasionally  .04  to  .05  across.  It  will  be 
noticed  that  the  variation  in  coarseness  of  the  feldspar  is  in  thickness  rather  than  in 
length.  The  needle-like  character  of  the  feldspar  suggests  rapid  under-cooling.  The 
iron  oxides  are  very  different  from  those  in  Sp.  240S7,  for  they  are  in  compact 
coarser  dots,  0.01  to  0.02  mm.  across. 

Sp.  24093  at  67  feet,  that  is  7^  feet  from  the  bottom,  shows  an  enclosure  of  the 
fine  grained  margin  as  a  fragment  in  the  coarser  grained  middle  t^-pe.  There  seem 
to  be  also  long  amygdules  of  calcite  and  chlorite.  The  oligoclase  is  mainly  .1  to 
.2  mm.  by  0.02  to  0.06.  In  the  enclosed  fragment  they  are  about  one  third  the  size. 
Iron  oxides  run  from  0.02  to  0.3.     Chlorite  is  abundant. 

Sp.  20494  at  64  feet  is  close  to  the  middle.  There  are  amygdules  1  to  8  mm.  in 
length  pulled  out  so  that  the  longest  direction  is  parallel  to  the  feldspar  flow  lines. 
They  have  a  cMorite  margin  and  a  calcite  center.  It  shows  the  twinning  and  a 
sheaf-Uke  parallel  arrangement  of  the  feldspar  common  in  the  trachj'tes.  This  is, 
however,  perhaps  not  wholly  flow  arrangement  but  one  of  crystallization  or  of 
pressure  and  affected  by  the  floAv  of  heat  to  the  margin.  Yet  since  the  length  of  the 
feldspar  individuals  was  obtained  before  their  breadth,  their  arrangement  might 
be  affected  by  the  flow.  This  fine  grained  belt  of  microlitic,  often  forked,  feldspar 
is  largely  not  over  .06  mm.  x  0.003  mm.  They  rarely  show  twinning  and  the  ex- 
tinctions are  between  0°  and  4°.  Occasionally  there  are  larger  rhyociystals  up  to 
0.25  Him.  long  x  0.02  to  0.03  mm.  wide.  There  are  numerous  round  forms  about 
0.06  mm.  across,  which  may  possibly  represent  altered  phenocrysts,  but  look  like 
minute  bubble  pores  filled  with  secondary  chlorite  and  quartz.  The  iron  oxides  are 
in  tree-like  forms  0.01  mm.  x  0.05  mm.  There  are  occasionally  larger  flecks  of  iron 
oxide  up  to  0.40  mm.  Calcite  occurs  in  patches.  There  is  some  epidote  diffused 
in  the  larger  feldspar.  Probably  much  of  the  rock  was  glass  which  is  now  changed 
to  a  mosaic  of  quartz  and  chlorite  (with  the  latter  dominant)  and  a  little  epidote  and 
iron  oxides.  The  iron  oxides"are  such  as  occur  in  glass.  The  feldspar  seems  to  be 
Ab^  Anl 

Of  Sp.  20496  (Mendota  d  40.  61)  two  sections  were  made  to  check.  The  oligo- 
clase is  veiy  fine  grained,  mainly  .1  to  .15  x  .01  to  .02  mm.  The  iron  oxides  are 
.01  to  .02  mm.  Chlorite  occurs  and  calcite  and  quartz  amygdules  are  common. 
Epidote  occiirs  and  also  fragments  of  the  finer  grained  margin. 

Ss.  20493,  20494  and  20496  are  similar  in  grain  and  20500  is  nearly  so.  20489 
is  fine  but  certainly  not  half  so  fine.  20487  shows  distinctly  a  finer,  glassy  mar- 
ginal facies  but  with  the  feldspar  already  developed  in  length.  Our  inference  is 
that  the  grain  of  the  center  is  not  over  .024  of  what  it  would  be  were  the  rate  at  the 
margin  continued  through  the  whole  thickness  affected,  but  it  is  more  than  .02. 
The  ratio,  therefore,  of  the  initial  temperature  or  the  temperature  of  consolidation 
would  be  between  .9  and  .8.  This  relatively  high  value,  as  well  as  the  glassy  margin 
and  the  amygdules,  suggests  that  the  consolidation  was  at  no  great  depth  so  that 
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tlie  gases  were  allowed  to  escape  and  the  temperature  of  the  surroiinding'rock  was 
very  considerably  below  the  temperature  of  crj-stallization.  I  am  inclineil,  there- 
fore, to  believe  that  this  rock,  as  already  suggested,  is  referable  to  the  period  of 
eruptive  activity  which  led  to  the  overflows  at  the  top  of  the  Bohemia  Range  group. 
It  is,  however,  possible  to  believe  that  the  greater  distance  from  the  Mt.  Bohemia 
gabbro  would  lead  to  a  colder  country  rock  and  a  greater  chance  for  gases  to  escape 
and  so  produce  a  rock  of  this  type.     I  do  not  think  it,  however. 

14.  MelaphjTe  (44) 

Amygdaloid  d  40.     435-439     (4) 

Epidotic 

Trap  d  40.     439-479     (40) 

Fine  grained  with  epidote  streaks  at  439  and  451 

15.  MelaphjTe  (36) 

Amygdaloid  at  d  40.     4794-480^,  again  at  508-510 

Trap  d  40.     480  *-515  near  Baltic  lode  horizon  (170) 

16.  Amygdaloid   d  40.     515-517-521 

Epidotic      d  40.     517-521 
Trap  d  40.     521-685 

Faintly  ophitic;  with  calcite  and  laumontite,  the  latter  very  abundant 
at  582. 

At  665  is  an  intrusion  of  red  rock,  gabbro  aplite? 
17. 1  Conglomerate  d  40.     685-720,  (No.  3?) 

At  691  clay,  at  696  seamed  (9:  5  to  7)  at  28°  to  35°  to  hole,  perhaps 
nearly  vertical  seams  dip  from  outcrop  62°  according  to  Penhallegon. 


§5.     M.\NITOU-FRONTEN.\C   (FIGS.  27,  28  AND  29). 

Passing  on  west  from  the  Mandan  section  we  cross  a  couple 
of  topographically  well-marked  fissures  on  the  old  Resolute  prop- 
erty, Section  18,  T.  58  X.,  R.  29  W.,  which  I  think  run  clear  across 
the  point  and  have  something  to  do  with  the  location  of  Agate 
Harbor. 

We  come  next  to  the  old  Delaware-Pennsylvania-Conglomerate 
Pawnee  properties,  (Fig.  27)  which  have  had  a  long  history  of 
explorations,  and  ha\e  lately  been  taken  under  the  wing  of  the 
Calumet  and  Hecla.  Most  of  the  mining  exploration  has  been 
on  veins  close  under  the  Greenstone.  There  were,  however,  a 
number  of  pits  opened  on  a  lode  close  to  the  Montreal  River, 
hence  called  the  Montreal  amygdaloid,  which  close  to  a  fissure  was 
fairly  well  charged  with  copper.  It  did  not,  however,  prove  to  be 
extensive.  Then  a  few  pits  as  shown  in  Figure  27  were  opened 
on  Section  24  near  the  horizon  of  the  Kearsarge  amj'gdaloid,  one 
of  which  had  a  good  showing  of  copper. 

Beginning  at  the  east  we  have  the  Section  Manitou  7,  which 
extends  farthest  south  of  any  of  the  sections  we  have,  and  should, 
indeed,  have  gone  to  the  Bohemia  conglomerate,  had  it  continued 
without  deviation  or  faulting  from  an  outcrop  only  a  mile  east. 
Judging  from  the  beds  of  the  Arcadian  section  in  comparison  with 
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these,  I  think  it  should  have  reached  it  soon  anyway.  It  will  be 
noticed  that  I  believe  there  is  a  gap  in  the  record  caused  by  a 
fault  crossing  7  Hole  4  S.  This  is  not  so  far  from  being  contin- 
uous with  the  strike  fault  found  at  Mandau.  Of  course,  the  same 
effect  on  the  drill  core  record  might  be  due  to  faults  with  many 
variations  of  strike. 


aeoLoeicAL   survey   of   michisan 


ANNUAL    REPORT    FOW    tBOft.      RftURg    ay 


MAP 
Sliuwlnp  the  location 
of 
THE  MANiTOr  CB088  SECTIONS 

\<M.  3  and  7. 


H'.  J  Perhallegon 


Fig.  27.    Map  showing  location  of  Manitoii-Frontenac  section  near  Old  Delaware  and  Pennsylvania  properties. 
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Manitou  Mining  Co.  Sec.  7.  (See  Fig.  28  in  enyelope).  This  section  acros.s 
the  Manitou-Frontenac  property  was  not  looked  over  by  Lane  entirely,  as  W.  J. 
Penhallegon  had  made  a  careful  record. 

The  following  is  a  record  of  the  section,  with  the  holes  Lane  examined  imder- 
scored.     The  complete  section  from  Penhallegon's  notes  is  given  in  Fig.  28. 


ole  No.  7 

Feet  from  0 

Elevation 

Angle 

.0 

300 

520 

60° 

1 

11  +  50 

505 

60.5° 

2 

22  +  02 

515 

65° 

3 

34  + 

560 

65° 

4 

46  + 

575 

65° 

5 

59  +  38 

580 

65° 

6 

68  +  60 

565 

60° 

7 

77  +  18 

578 

59° 

24  to  25 

79  +  15 

8 

86  +  84 

570 

55° 

9 

98  +  00 

570 

57° 

Line  S. 


In  this  part  from  the  Calumet  conglomerate  down  to  the  Kearsarge  conglomerate 
the  correlation  of  sections  Manitou  7  and  Manitou  3  is  easy  and  can  be  made  almost 
bed  for  bed  the  whole  way,  though  the  sections  are  a  mile  and  a  half  apart. 

Manitou  41  only  300  feet  off  the  line  may  be  used  to  complete  the  correlation  and 
gives  the  position  of  the  Medora  and  "Manitou"  lodes. 


Corre- 
lation 
with 

Manitou  3. 
_       (19) 


(20) 
(21) 


(22) 


(23) 


(24?) 

or 

(25?) 


(261 


Manitou  drill  hole  J^l.     Nearly  in  line  with  No.  7  section  at  an  angle 
of  65° 

1 .  The  greenstone. 

Trap  d  41.     22-35 

The  mottles  are  2  mm.  (with  chlorite  slips)  at  22. 

2.  Allouez  conglomerate  d  41.     35-57 

Base  has  a  weathered  (?)  contact. 

3.  Melaphyre 

Amygdaloidal  trap  d  41.     57-60 
Trap  d  41.     60-71. 

4.  Melaphyi-e. 

Amygdaloid  d  41.     71-75 

Coarse 

Trap  d  41.     75-92. 

5.  Amygdaloidal  melaphyi'e 

Amygdaloidal  trap  d  41.-  92-99 
Contacts  at  d  41.  92,  92  i  and  96 
Trap  d  41.     99-120. 

6.  Amygdaloid  d  41.     120  -  124 

Amygdaloidal  trap  d  41.     124  -  136,  with  copper 
Trap  d  41.     136-162 

This  is  presumably  just  above  the  Medora  lode,  below  base 
of  Allouez  conglomerate.  (105) 

7.  Feldsjiathic  opliite.     Medora  lode 

Amygdaloid  d  41.     162  -  169 
Amygdaloid  trap  d  41.     169  -  1S8 
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With  ])ink  prclmitic  copper-bearing  spots. 

Trap  d  41.     188  -  217, 

Faint  coarse  mottles. 
(27)  S.     Feldspathic  ophite.     Manitou  lode 

Ainysdaloid  d  41.     217  -  22.5 

Trap  with  copper  d  41 .     225  -  252 

Coarse,  massive  chloritic,  faintly  mottled. 
The  intermediate  holes  between  drill  hole  41  and  drill  hole  7.4.S.,  to  wit,  7.I.S., 
7.2.S.,  and  7.3.S.,  were  not  examined  by  me  and  their  records  ran  very  closely  parallel 
to  Manitou  3.     Their  position  and  the  belts  found  in  them  as  determined  by  Mr. 
Penhallegon  are  given  in  Figure  28. 


Manilou  drill  hole  7.  4..S  at  4600  of  section.  Elevation  574.  Dip 
65  °.  This  is  an  easily  correlated  hole  as  it  shows  the  Wolverine  sand- 
stone at  641  feet.     It  is  practically  at  right  angles  to  the  formation. 


1. 


Corres- 
ponding 
belts  in 
Manitou  3, 
Fig.  28. 

(63) 


(65) 


66) 


(70) 


4. 


Overburden 

Feldspathic  ophite 

Amygdaloid  7  d  4  S.     35-40     (5) 

Red  glomeroporphyritic,  with  sediment,  epidotic 

Trap7d4S.     40-47     (7) 

Amygdaloidal,  fine  grained 

Cf.  Manitou  3  beds  59  to  61 

7  d  4  S.     47-48 


(18) 
(17) 
(12) 


(1-) 
(75) 


Amygdaloid  7  d  4  S.     48-55     (7) 

Trappy,  probably  3  to  5  are  all  one  bed  of  amygdaloid  with 

clasolitic  sediment. 

Trap  7  d  4  S.     55-123     (68) 

Grows  darker  toward  base,  with  amygdaloidal  spots  at  83, 

and  a  doleritic  streak  with  a  speck  of  copper  at  90. 
Ophite  (59) 

Amygdaloid  7  d  4  S.     123-125 

Trap  7  d  4  S.     125-182     (57) 

At  130,        150,        174,        177,  182  feet  mottles  are 

1^  3,  2,  Ih  mm.    contact 

Feldspathic  ophite  (106) 

Amygdaloid  7  d  4  S.     182-184 

Red  and  white  with  prehnite  and  a  little  copper 

Trap7d4S.     184-288 

Down  to   190  glomeroporphyritic,   and   from   199  -  252  all 

coarse   feldspathic,    coarsest    (about   10  mm.)    at   about  231. 

At  250  and  270  3  mm.  mottles;  at  270  a  chlorite  seam  at  an 

angle  of  16°^. 

Beds  6  and  7  are  the  nearest  match  to  the  large  ophite  bed 

in  M.  Frontenac  3.4.S.     439-664. 
Melaphyre  (50) 

Amygdaloid  7  d  4  S.     288-293     (5) 

Trap  7  d  4  S.     293-296  ?     (5) 

Red  porphyritic  ?  contact  at  296  ? 

Trap  7  d  4  S.     296-336     (40) 

Coarser 
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(71)  9.     Sandstone  7  d  4  S.     336-342  (6) 

Cold,  epidotic,  grey- green  color;  bedding  at  fright  angles  to 
the  hole. 

(72)  10.     Melaphyre  (H) 

Amygdaloid  7  d  4  S.     342  -  347     (5) 

Trap  7  d  4  S.     347  -  353     (6) 

While  71  and  77  really  match  in  the  two  sections,  the  inter- 
mediate beds  do  not.     The  fact  that  there  are  the  same  number 

of  beds  is  purely  accidental  it  would  seem,  and  they  are  given 

the  same  numbers  for  convenience. 
73?  11.     Amygdaloidal  melaphjTe  (54) 

Amygdaloid  7  d  4  S.     353  -  375     (22) 

Yellow,  coarse 

Trap  7  d  4  S.     375  -  407     (32) 
74?  12.     Feldspathic  melaphyre  (37) 

Amygdaloid  7  d  4  S.     407-410     (3) 

Amygdaloid  trap  7  d  4  S.     410  -  444     (34) 

Coarser  to  429;  then  finer  and  seamed. 
75?  13.     Feldspathic  melaphyre  (69) 

Amygdaloid  7  d  4  S.     444  -  446     (2) 

Trap  7  d  4  S.     446  -  513     (67) 

Coarser  feldspathic  amygdaloidal, 

(possibly  more  than  one  flow) 
76?  14.     Feldspathic  ophite  (96) 

Amygdaloid  7  d  4  S.,    513  -  517     (4) 

Red  and  white,  passing  into  trap  with  chlorite  amygdules 

Trap  7  d  4  S.     517  -  609     (92) 

Doleritic  at  550  coarse  and  faintly  ophitic  from  553  down. 

(77)  15.     Kearsarge  amygdaloid  and  foot  (32) 

Amygdaloid  7  d  4  S.     609  -  613     (4) 

Well  marked  contact,  black  and  white  amygdaloid. 

Trap  7  d  4  S.     613  -  641     (28) 

Few  porphyi-itic  labradorite  crystals,  long,  not  very  well 
marked. 

(78)  16.     Sediment.     Wolverine  sandstone  ?  7  d  4  S.     641-649  (6) 

Grey-green,  epidotic,  with  fragments  of  red  amygdaloid  and 
at  base  a  regular  amygdaloid  conglomerate  with  dark  amygda- 
loid and  red  matrix. 

(79)  17.     Ophite  variously  mottled  (50) 

Amygdaloid  7  d  4  S.     649  -  654* 
Trap  7  d  4  S.     654 1  -  699? 

The  mottling  is  well  marked  but  very  various  in  size  as  in 
some  of  the  Torch  Lake  beds,  especially  from  675  to  680.' 
Does  this  mean  irregular  initial  temperature  or  composition? 
The  same  range  appears  in  7  d  5  S.  from  23  h  feet  down. 

(80)  18.     Ophite  (part  of  bed  above)  (100  +) 

Amygdaloid  7  d  4  S.     699-728 

Trap  7  d  4  S.     728  -  743-797  -f- 

Ophitic  variously  mottled  up  to  3  x  1  mm.,  amygdaloid 
spot  at  743;  grows  finer  at  the  end,  fine  grained  and  full  of 
chloritic  seams,  many  at  45°  to  core,  also  at  other  angles. 
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Manitou  drill  hole  7.     5.     S. 
1.     Overburden 

(77)  2.     Kearsarge  amygdaloid  foot  trap 

Trap7d5S.     16-22  (6  +  ) 

The  first  three  feet  liave  large  16  x  4  mm.  characteristic 

feldspar  crystals  of  the  Kearsarge  foot  trap. 

The  rest  of  the  way  the  core  was  in  small  fragments  and  the 

rock  evidently  disturbed  by  the  slide. 

(78)  3.     Slide  cutting  out  Wolverine  sandstone  (1) 

Clay  fluccan  7  d  5  S.     22  -  23 
Central  mine  b  56. 

(79)  4.     Ophite  (31) 

Amygdaloid  7  d  5  S.     23 i  to  25 i  (1^) 

Trap  7  d  5  S.     25  -  54     (29) 

At  25,  32,  47    feet  the  mottles  are 

1,        1-2,     2-3  and     finer.      There     is     considerable 
variation  in  size  of  mottling.     Central  mine  b  57 

(80)  5.     Ophite  (12  mm.)  (279) 

Amygdaloid  7  d  5  S.     54  -  58 i  (4i) 

Cf.  Mandan  d  6.     239 

Trap  7  d  5  S.     58^  -  333  (274  J) 


At               66i,  ^                       75,      82, 

the  mottles  are 

3  to  varied,'  3  to  1  irregular,     4, 

106,           114,        163,        176,        220, 

229,        277, 

5,       7  to  10,        10,          12!            8, 

8,           4, 

285,       304,        312,        320 

3,          2,          14,            1 

Central  mine  b  (58) 

(81)  6.     Contact  of  sediment  at  333 

.      Cf.  Mandan  d  6.     649 

(82)  7.     Doleritic  ophite  (218) 

Amygdaloid  7  d  5  S.     333  -  340     (7) 

Coarse  feldspathic 

Trap7d5S.     340-551      (211) 

Coarse  ophitic 

At  381,        382,  419,      439  feet  the  mottles  are 

3-4.        3  doleritic,      5-6,  8  mm.  across 

439  -  487,     521 
10  +  3 

It  is  coarser  and  doleritic  at  411,  and  there  are  chlorite  seams 
from  487  to  551. 

(83)  8.     Doleritic  ophite 

Amygdaloid  7  d  5  S.     551  -  5554 
Trap  7  d  5  S.     555§  -  606 
Marked  feldspathic,  doleritic. 


Manitou  drill  hole  7.  6.  S.  at  68  -1-  60  of  section.  Elevation  565, 
dip  60°  nearly  at  right  angles  to  dip.  No  correlation  for  thickness 
necessary.  It  should  overlap  5  considerably  and  either  there  is  a 
steep  dip  or  a  faulting,  for  we  do  not  find  Bed  (80). 

If  we''assume  the  Central  mine  or  some  other  section  not  to  be  badly 
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faulted  we  can  estimate  the  amount  of  throw.     If  Bed  (80)  =  Central 
mine  bed  (58)  and  the  sediment  7  d  6  S.  at  56  to  60  feet  =  Central 
b  (60)  the  section  is  continuous. 
1.     Overburden  (17) 

(82)  2.     Glomeroporphyritic  (4  mm.)  ophite 

Trap  7  d  6  S.     23  -  56  (33)     (+  30?) 

Finer  from  28^ 
3.     Sediment  with  copper 

Red,  fissured  7  d  6  S.     56-60  (4) 

Dip  10|  to  12°  from  right  angles  to  core 
Central  mine  b  (60) 

(83)  4.     MelaphjTe  (70) 

Amygdaloid  with  sediment  7  d  6  S.     60-76 

Green   sediment  7   d   6   S.     65  -  68,   and  75  -  76,    chloriti 
amygdules  and  breccia. 
Trap  7  d  6  S.     76  -  128 
Coarser  to  112,  then  finer  to  128 

(84)  5.     l\Ielaphyre  (57) 

Amygdaloid  ?  7  d  6  S.     128  -  145     (17) 

128  to  130  epidote  and  datolite,  at  145  amygdule  with  a 
speck  of  copper 
Trap  7  d  6  S.     145  -  185  ?     (40) 

It  is  characteristic  of  these  beds  as  of  corresponding  beds  in 
the  Central  mine  that  the  amygdaloids  and  contacts  are  ill- 
defined. 

(85)  6.     Sediment  at  185 

(86)^^  7.     Melaphyre  (52) 

Amygdaloid  7  d  6  S.     185  -  191     (6) 
Trap  7  d  6  S.     191  -  237     (46) 

Feldspathic  to  200;  at  202  green  porphyi'itic;  growls  finer. 

(87)  8.     Melaphyre  (20) 

Amygdaloid  7  d  6  S.     237  -  239     (2) 

W'ell-marked 

Trap  7  d  6  S.     239  -  257     (18) 

(88)  9.     Melaphyre  (49) 

Amygdaloid  7  d  6  S.     257  -  267     (10) 
Trap  7  d  6  S.     267  -  304     (37) 

Green  altered  at  275,  coarse  feldspathic  blotched  with  green 
at  top,  darker  and  finer  toward  the  bottom. 

(89)  10.     Amygdaloid  7  d  6  S.     304  -  306 

Amygdaloid  trap  7  d  6  S.     306-311 
Trap  ?  7  d  6  S.     311  -  338 

(90)  11.     Feldspathic  melaph>Te  (44) 

Amygdaloid  ?  7  d  6  S.     338  -  347     (9) 

Red  porphyritic  base  of  bed  above  ? 

Amygdaloidal  trap  7  d  6  S.     347  -  353     (6) 

Coarse  feldspathic 

Trap  7  d  6  S.     353  -  382     (29) 

Massive  feldspathic 

(91)  12.     Feldspathic  melaphyre  (13) 

Amygdaloid  7  d  6  S.     382  -  385i  ?     13^ 
Mixed 
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'J'rap  ?  7  (1  6  S.     -  395     10 
Red,  porphyritic  from  392  -  94 

(92)  13.     Sediment  7  d  6  S.     395  -  399  (4) 

Mixed  and  epidotic,  perhaps  a  clasolitc. 

(93)  14.     Ophite  (3  mm.)  (54) 

Trap  7  d  6  8.     399  -  453 

Mottling  at  416  3  mm.;  at  411  a  laumontite  seam,  and  at 
other  places,  laumontite  seams  parallel  to  the  bedding;  at  416 
3  mm.;  at  440  3  to  4  mm.  mottles. 

(94)  15.     Ophite  (4  mm.) 

Amygdaloid  7  d  6  S.     453  -  457 

Trap  7  d  6  S.     457  -  468 

Trap  fine  grained  but  no  marked  contact  468  -  471 

Trap  7  d  6.  S.     471  -  536 

Coarser  at  484,        503,  516     feet  mottles  are 

2,  4,        3  to  4  mm.  across  and  pretty  well 

marked. 

(95)  16.     Amygdaioidal  melaphyre  (23) 

Amygdaloid  7  d  6  S.     536  -  545     (9) 

Coarse 

Amygdaioidal  trap  7  d  6  S.     545  -  559     (14) 

Trappy,  then  from  554  -  556  green  and  white  amygdaloid, 
then  coarse  chloritic. 

(96)  17.     Sedimentary  contact  at  559 

Cf.  Central  b  (76) 

(97)  18.     Amygdaloid  7  d  6  S.     559  -  567 

Chloritic  and  fine  grained. 
In  this  hole  the  group  of  beds  characterized  by  a  poor  chloritic 
amygdaloid  and  red  porphyritic  foot  is  marked.     7  d  6  S.  and  7  d  7  S. 
were  intended  to  overlap  but  they  do  not  appear  to,  unless  7  d  6  S, 
471  =  7  d  7  S.     54  and  that  is  not  a  very  good  match. 


Manitou  drill  hole  7.  7.  S  at  77  +  18  of  section.     Elevation  578 
A.  L.  S.     Dip  59°.     The  fine  between  Sections  24  and  25  is  at  79  +  15 
of  section. 
1.     Overburden  (19) 

(96)  2.     Ophite  (4  mm.)  (35  +) 

Trap  7  d  7  S.     19-54 

(97)  3.  (63) 

Amygdaloid  7  d  7  S.     54  -  61     (7) 
Trap  7  d  7  S.     61-117     (56) 

There  is  a  green'  and  white  amygdaloid  inclusion  at  83. 

The  basal  contact  at  66°  with  core  is  well  marked. 

(98)  4.  (18) 

Amygdaloid  7  d  7  S.     117  -  127     (10) 
Red  and  white  marked 
Trap  7  d  7  S.     127  -  135     (8) 

(99)  5.  (23) 

Amygdaloid  7  d  7  S.     135  -  139     (4) 
Trap  7  d  7  S.     139  -  158     (19) 
With  specks  of  amygdaloid 
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(100)  6.     Amygdaloidal  inelaphyre 

Amygdaloid  7  d  7  S.     158  -  179     (21) 
With  streaks  of  trap,  fissured  (pink)  at  174 

(101)  7.     Ophite  (4  mm.)  (101) 

Amygdaloid  7  d  7  S.     179  -  190     (11) 

Trap  7  d  7  S.     190  -  280  (90),  fine  grained  to  195,  then  a 
hard    fine    grained    amygdaloid    inchision    perhaps    195  -  197, 
then  coarser. 
At  223,        247,        258  feet  the  mottles  are 

3,  4,  3  mm.  across 

At  276  is  a  datohte  seam,  possible  contact,  cf.  Central  b  79. 

(102)  8.     Melaphyre  7  d  7  S.  (19) 

Amygdaloid  7  d  7  S.     280  -  289i     (9i) 

Coarse,  poor 

Trap  7  d  7  S.     289^  -  299     (10) 

(103)  9.     Doleritic  ophite  (6  mm.)  (82) 

Amygdaloid  7  d  7  S.     299  -  310     (11) 

Poor 

Trap7d7S.     310-381     (71) 

Ophitic,  at  346  6  mm.;  at  321  and  326  doleritic. 

(104)  10.     Melaphyre  (HI) 

Amygdaloid  7  d  7  S.     381  -  395     (14) 
Trap  7  d  7  S.     395  -  492     (97) 

Much  seamed  at  399,  some  green  sediment  and  epidotic 
clasolites,  spots  of  amygdaloid  at  429,  431,  and  433  and  460; 
fissures  parallel  to  the  hole  at  445,  at  487  and  495,  and  a  breccia 
at  483,  which  may  be  the  main  slip. 

(105)  11.     Melaphyre  (58) 

Amygdaloid  7  d  7  S.     492-515     (23) 
Brecciated,  prehnitic,  with  epidote  and  quartz 
Trap  7  d  7  S.     515  -  550     (35) 

(106)  12.     Feldspathic  (ophite  ?)  (122) 

Amygdaloid  7  d  7  S.     550  -  567     (17) 

With  calcite,  quartz,  prehnite,  and  copper,  seams  inclined 
15°  to  the  hple. 
Trap  7  d  7  S.     567  -  672     (105) 

Rather  fine  grained  with  chloritic  shps  to  612  ft.  About 
640  a  5  mm.  mottling  appears?;  a  chloritic  slip  at  14°  to  core 
may  be  nearly  vertical. 

(107)  13.     Amygdaloid  7  d  7  S.     672-686     (14) 

Well  marked  brecciated,  with  pink  prehnite  and  copper  at  677. 

The  correlation  of  7  d  7  S.  at  672  feet  with  7  d  8  S.  at  170 

feet  implies  a  dip  of  31.5°,  just  about  at  right  angles  to  the  hole. 


Manitou  drill  hole  7.  S.  S.  at  86  +  84.     Elevation  570  A.  L.  S. 
Dip  55°. 
1.     Overburden  (13)  (13) 

(105)  2.     Ophite 

Trap7dSS.     13  -  4U 

Faintly  ophitic  with  chlorite  seams 
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(106)  3.     Feldspathic  ophite     (?)  (129j 

Amygdaloid  7  d  8  S.     4U  -  57     (16) 
Spotty  with  pink  prehnite 
Trap7d8S.     57-170     (113) 

Fine  grained,  grey  epidote  to  66,  then  massive  with  chloritic 
seams  at  10°,  26°  and  45°  to  core  (probably  cohminar  joints 
at  right  angles  to  the  dip)  and  mottling  barely  perceptil)le. 
This  is  presumably  the  same  bed  as  7  d  7  S.     550  -  672. 

(107)  4.     Feldspathic  ophite  (?)  (102) 

Amygdaloid  7  d  8  S.     170-177     (7) 

Marked,  with  quartz  crystals  and  prehnite 

Trap  7  d  8  S.     177  -  272     (95) 

Specked  at  205,  216  -  234,  faintly  if  at  all  mottled 

(108)  5.     Feldspathic  ophite  (132) 

Amygdaloid  ?  7  d  8  S.     272  -  294     (22) 

To  277  specked,  then  glomeroporphj-ritic 

Trap  7  d  8  S.     294  -  403     (109) 

Similar  beds  are  found  in  the  Central  mine  Section  Hole  No.  4. 

Many  reddish  seams  at  32°  to  the  core  are  probably  nearly 
vertical. 

From  338-364  it  is  very  faintly  mottled  (3  mm.)  and  then 
grows  finer  to  the  base. 

The  tendency  of  the  beds  at  this  part  of  the  column  to  be 
but  little  ophitic,  and  that  only  at  the  extreme  bottom,  with 
red  glomeroporphyritic  top  was  noted  also  at  the  Central 
mine  flow  106. 

(109)  6.     Feldspathic  ophite  (4  mm.)  (107) 

Amygdaloid  7  d  8  S.     403  -  407     (4) 

Pink  seams  here  at  70.5°  may  be  nearly  parallel  to  bedding. 
The  amygdaloid  is  coarse,  with  chlorite  and  calcite. 
Trap  7  d  8  S.     407  -  510     (103) 
Faintly  ophitic, — at  460  feet,  3  to  4  mm.  mottles.  , 
(.110)  7.     Feldspathic  ophite  7  mm.  (149) 

Amygdaloid  7  d  S  S.     510-517     (7) 
Poor 
Trap  7  d  8  S.     517  -  659     (142) 

This  is  doleritic  at  555,  and  has  veins  and  pink  seams  and 
is  the  first  well  marked  ophite  for  several  hundred  feet  above 
it. 
At  563,        573,        600,        632  ft.  the  mottles  are 

4-5,  7,        6-9,  5  mm. 

Comparing  these  drill  holes  8,  7,  and  6,  we  see  a  progressive 
decrease  in  the  size  of  the  flows  and  more  sediment  toward  the 
top.  The  lower  flows  are  heavier,  but  still  of  the  same  tj-pe, 
with  relatively  coarse  faint  mottles  close  to  the  bottom  of  the 
flow. 

Cf.  Central  mine  flow  107    • 
(111)  vS.     Amygdaloid  7  d  8  S.     659-668     (9) 

Coarse,  lying  just  above  a  seam  663-668  at  15°  to  the  hole. 
The  thicker  character  of  the  beds  in  Hole  8  is  noteworthy. 

The  thick  beds  at  the  top  of  7  d  9  and  bottom  of  7  d  8  should 
be  a  topographic  feature  and  is  slightly. 
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ManUou  drill  hole  7.  9.  S.  at  9800  of  section.    Elevation  580.     Dip 

(112)  ^1°'  Ophite  (9  mm.)  ^'^'^  \fJl 

Trap  7  d  9  S.     42-209     (167)  (190) 

At  45.        82,        98.        130.      149,      175  ft.  mottles  are 

o]         e!  6,        8-10,    8-10.        6  mm. 

180,     '    192 

4,      2-3  mm. 

This  does  not  show  the  top  of  the  bed  for  which  safely  20 
feet  more  can  be  aUowed,  as  the  bottom  bed  In  8  is  more  ophitic 
than  those  above  and  this  is  more  ophitic  vet.  It  is  natural 
to  assume  it  to  be  the  bed  below  the  last  in  hole  7  d  8,  and 
the  dip  derived  is  consistent  (32.5°). 
At  149  is  coarsest  and  then  finer. 

(113)  2.     Melaplm-e  ^ 

Amygdaloid  7  d  9  S.     209-215     (6) 

Poor 

Trap  7  d  9  S.     215-263     (48) 

Fine  grained 

(114)  3.     Melaph^Te 

Amygdaloid  7  d  9  S.     263-265     (2) 
,  Red  and  wliite 

Trap  7  d  9  S.     265-296     (21) 
Feldspathic,  fine  grained. 

(115)  4.     Feldspathic  ophite  -  ^^ 

Amygdaloid  7  d  9  S.     286-292     (6) 
Red  and  white  marked 
Trap7d9S.     292-339     (47) 
At  292  and  323  feet  the  faint  mottles  are 
2    and    3    mm.  respectively 

(116)  5.     Labradorite  (?)  ophite  ("H) 

Amygdaloid  7  d  9  S.     339-345     (6) 
Trap  7  d  9  S.     345-379     (35) 

Fine  grained  with  large  phenocry-sts  that  remmd  one  of  the 
Kearsarge  foot,  greenish,  faintly  ophitic. 

(117)  6.     Labradorite  (?)  ophite  (     -* 

Amygdaloid  7  d  9  S.     379-385  (6) 

Fine    gramed,    with    green    pseudomorphs    of    porphyntic 
crj'stals  apparently,  many  seams  at  71.5°,  some  at  18.5°. 
Trap7d9S.     38-5-427     (42) 

(118)  7.     MelaphjTe 

Amygdaloid  7  d  9  S.     427-432     (5) 
Chloritic  and  epidotic 
Trap  7  d  9  S.     432-446     (14) 
Base  uncertain 
'(119)  8.     MelaphjTe 

Amygdaloid  7  d  9  S.     446-449     (?3) 
Trap  7d9S.     449-461     (12) 

It  is  a  question  if  this  is  a  separate  flow. 
31 
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(120)  9.     Feldspathic  ophite  (77?) 

Amygdaloid  7  d  9  S.     461-462     (1) 

No  core  7  d^9  S.     462-463     (1) 

Amygdaloid  7  d  9  S.     463-474     (11) 

With  spots  of  trap 

Trap  7  d  9  S.     474-538     (64) 

Many  pink  (laumontite?)  seams  at  45°  or  50°  with  core. 

Faintly  mottled,  up  to  10  mm? 

This  bed  is  very  likely  disturbed  and  incomplete. 

(121)  10.     Melaphyre  (24) 

Amygdaloid  7  d  9  S.     538-550     (12) 
Red  and  white  to  541,  then  chloritic 
Trap  7  d  9  S.     550-562     (12) 
With  pink  seams  nearly  parallel  to  the  hole. 

(122)  11.     Melaphyre  (46) 

Amygdaloid  7  d  9  S.     562-573     (11) 
Only  chloritic  from  567-573 
Trap  ?  7  d  9  S.     573-607     (34)] 

(All  fragments,  probably  the  drill  was  following  a   chloritic 
seam.) 

(123)  12.     Amygdaloid  7  d  9  S.     607-617     (10)  (33) 

Red,  white  and  green  with  pseudomorphs  of  phenocrysts,   a 
chloritic  amygdaloid. 
Trap  7  d  9  S.     617-640     (23) 

(124)  13.     Amygdaloid  7  d  9  S.     617-640     (23)  (48) 

Red  calcitic  above,  green  chloritic  below 
Trap  7  d  9  S.     651-688     (37) 

(125)  14.     Melaphyre  (13) 

Amygdaloid  7  d  9  S.     688-693     (5) 
Red  and  calcitic  to  691,  then  green 
Trap  7  d  9  S.     693-701     (8) 

(126)  15.     Melaphyre  (21) 

Amygdaloid  7  d  9  S.     701-706     (5) 

Trap  7  d  9  S.     706-716  vein?  or  722     (16) 

(127)  16.  (18) 

Amygdaloid  7  d  9  S.     722-725  (3) 
Trap  7  d  9  S.     725-740  (15) 
(123)  17.     Feldspathic  ophite  (43) 

Amygdaloid  7  d  9  S.    J40-746  (6) 
Trap  7  d  9  S.     746-783  (37) 

Faintly  ophitic  as  at  519  from  766-775 

(129)  18.  (23) 

Amygdaloid  7  d  9  S.     783-787  (4) 
Trap  7  d  9  S.     787-806  (19) 

Chloritic  amygdules  7  d  9  S.     791-798 

(130)  .    19.     Amygdaloid  7  d  9  S.     806-811  (5) 

Marked,  with  prehnite,  calcite  and  feldspar 
Trap  7  d  9  S.     811-850  (38) 
Coarsest,  faintly  mottled  at  about  830  ft 
Finer  to  850,  where  there  is  a  seam. 

(131)  20.     Amygdaloidal  melaphyre  (19)] 

Amygdaloid  7  d  9  S.     850-865  (15) 
Trap  7  d  9  S.     865-869  (4) 

Bottom  contacts  at  66° 
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(132)  21 

Amygdaloid  7  d  9-S.     869-889  (20) 

Contact  at  (9:4)  66°  to  core 

The  Bohemia  conglomerates  should,  with  the  strike  given 
on  PenhaUegon's  map,  pass  about  800  feet  south  of  7  d  9  S. 
The  elevation  where  the  railroad  crosses  the  conglomerate  at 
the  center  of  Section  30  is  504,  while  the  elevation  of  a  point 
on  the  line  of  M.  7.  west  is  570.  The  non-appearance  in  Hole 
9  implies  a  steeper  dip  or  more  southerly  strike  of  the  con- 
glomerate. But  the  bottom  of  this  hole  7  d  9  S.  certainly 
cannot  be  far  above  it. 


The  No.  3  section  supplements  No.  7  very  desirably  to  the 
north,  and  is  the  only  one  which  gives  a  complete  cross-sec- 
tion of  the  Greenstone,  confirming  my  previous  view  as  to  the 
character  of  this  as  one  immense  flow. 


Manitou  Mining  Co.,  Sec.  3.  (See  Fig.  29  in  envelope).  RunsS.  fromE-W  center 
line  of  Section  10,  T.  50  N.,  R.  30  W.  175  paces  w^est  of  the  east  line  of  Sections 
10,  15,  22.  This  is  6212  feet  north  of  0  of  the  line,  and  Section  7  runs  south  along 
a  line  1140  paces  west  of  the  east  lines  of  Sections  13,  24  and  25.  The  main  ex- 
amination has  been  of  Section  3.  The  holes  put  down  at  a  dip  of  about  70°  to  the 
south  are  so  nearly  at  right  angles  to  the  formation  that  no  correction  from  depths 
for  thickness  is  needed. 


Manitou  3  dnll  hole  5  N.     Elevation  542  feet  above  Lake  Superior.     Di  p69° 
6183'  N.  of  0  of  M.  3. 
0-16  surface 

1.  Porphyrite  3  d  5  N.  16-53  (37) 

Light  colored,  feldspathic,  of  "ashbed  diabase."  Tobin  porphyrite 
type.     A  seam  dips  75.5°  with  the  hole  (?36°). 

2.  Porphyrite 

Amygdaloid  3  d  5  N.  53-56=3  (30) 

Chloritic,  open  to  61"and  from  70-79  but  not  a  new  flow. 
Trap?  3  d  5  N.  56-83=27 

3.  Feldspathic  ophite? 

Amygdaloid  3  d  5  N.  83-  (79) 

With  a  little  copper 
Trap  3  d  5  N.-162 

The  trap  is  very  solid  with  very  few  seams  (at  26°  or  so  to  the  hole, 
i.  e.,  nearly  vertical),  from  116-137  a  very  faint  coarse  mottling  like  a 
feldspathic  ophite,  at  137  3  mm?,  the  base  is  red  and  glomeroporphyritic. 
Cf.  Eagle  River  (IVIarvine)  82  and  84  (Fig.  34) 

4.  Sediment  (sand)  at  contact  3  d  5'N.  162 

Probably  Mar\rine's  Cg.  16,  the  Pewabic  West.     Cf.  Eagle  River  78  to'85. 

Addition  figures  show  thickness  above  Mesnard  bed. 

3.     Porphyrite  (11)         (506) 

Amygdaloid  3  d  5"N.     162-165 
Trap  3  d  5  N.     165-173 
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6.  Melaphyre 

Amygdaloid  3  d  5  N.     173-176     '  (11)         (495) 

Prehnite  and  calcite 
Traps  d5N.     176-184 
Blotched. 

7.  Ophite 

Amygdaloid  3  d  5  N.     184-202  and  at  204  and  222-226         (147)     (484) 
Trap  3  d  5  N.     226-331 

At  232  to  241  there  is  Assuring  about  parallel  to  the  hole  and  the  trap 
looks  decomposed.      At   250  there  are  seams  at  56.5°  and  31°  "with  the 
hole,  at  263  there  is  a  doleritic  spot,  at  313  there  is  a  large  rhyocrystal 
10  X  5  mm.     The  mottling  is  18,  10-12,    8?,  2-3    mm.,  and  fine  re- 
spectively at  280,      267,  313,  327,  324. 

8.  Amygdaloid  3  d  5  N.     331-337?  (11)         (277) 
Trap3d5N.  -337-342 

Contact  at  331,  rhyocrystals  at  334,  amygdaloid  at  337-338,  just  a 
spot? 
These  remind  one  of  beds  just  above  the  Quincy  mine. 

.  9.  (8)     (276) 

Amygdaloid   3  d  5  N.     342-344 
Trap?  3  d  5  N.     344-350 

A  very  marked  contact  with  a  dip  of  71.5°  against  the  core. 

10.  (19)     (269) 
Amygdaloid   3  d  5  N.     350-363 

Trap  3  d  5  N.     363-369 

This  is  a  xery  well  marked  amygdaloid  with  a  dark  green  base,  white 
and  green  amygdules,  then  redder. 

11.  Amygdaloid  conglomerate? j 

12.  Ophite 

Amygdaloid  3  d  5  N.     369-389  (101)    -250 

Red,  fine  grained. 

Trap  3  d  5  N.     389-470? 

Fine  grained,  dark  trap  with  chloritic  slickensiding  parallel  to  the  hole 
and  very  fine  mottling 

2,         2,  li  1,        ^  mm. 

at  414,     426,      451,      461,      466  ft.  respectivelj'. 

13.  Glomeroporphyrite  (30)     (149) 

Amygdaloid  and  trap  3  d  5  N.  470-500.  The  amygdaloid  is  not  well 
marked  and  the  contact  with  the  overlying  uncertain.  There  are  small 
chloritic  amygdules  about  4  mm.  across  and  pink  feldspar  lath    sections 

2  mm.  long  up  to  4  mm. 

14.  Feldspathic  melaphjTe  (41)     (119) 

3  d  5  N.     500-541 

The  contact  is  marked,  then  there  is  a  coarse  reddish  feldspathic  bed 
with  green  amygdaloid  spots. 

15.  ■  Porphyrite  (30)     (78) 

Amygdaloid  3  d  5  N.     541-560 

Quartzose,  glomeroporphyritic,  streaked  with  trap. 

Trap  3  d  5  N.     560-571. 

Trap  blotched  with  chlorite,  with  pink  feldspar. 
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16     Porphyrite,  amygdaloidal.  (4^)  (^^■^ 

'      Amygdaloid  3  d  5  N.     571-579-619  .-,.0 

Glomeroporphyritic,   a  sedimentary  contact  with  an  angle  of    /1.5 
against  the  core  at  the  base.  ,,^____==3_ 

17.  Sedimentary  contact  at  3  d  5  N.     619.     Cf .  the  Mesnard  epidote  (0) 

18.  Amygdaloidal  melaphyre  gush  of  the  underlying? 

Amygdaloid   3  d  5  N.  619-624  contact? 

624-629  •  (33) 

trap         629-642 
Trap  642-794? 

Amygdaloidal  spots  at  654  and  657.  Compact,  getting  darker,  coarsest 
about  671  2  mm.  ophite,  then  finer  and  darker  to  the  end.  Presumably 
the  bottom  of  this  bed  and  the  top  of  the  next  are  cut  by  numerous  chlorite 
seams  nearly  parallel  to  the  hole  between  694  and  794,  which  imply  fault- 

.19.     The  Greenstone  (^^30) 

Top  not  visible,  cut  by  fault? 
3d5N.     794-833;  3  d  4  N.;  3  d  3  N.     1  to  616;  3  d  2  N.     1-296. 

This  grows  suddenly  and  irregularly  very  coarse,  and  the  easy  way  to 
account  for  it  is  to  suppose  that  a  fault  zone,  such  as  is  known  to  be  head- 
ing this  way  from  the  Manitou  No.  1  shaft,  has  crossed  it.  If  it  does  be- 
long to  the  No.  1  shaft  fault  set,  it  strikes  20°  to  25°  W.  of  N.  and  hades 
E.  as  usual,  so  that  the  hole  is  at  first  on  the  upper  east  side  of  the  fault, 
then  passing  through  in  accordance  with  the  more  common  rule  that  the 
east  side  is  thrown  down  or  back,  the  hole  meets  suddenly  relatively  deep 
horizons.  A  normal  strike  fault  or  shde  would,  however,  produce  the  same 
effect,  but  the  direction  of  the  chlorite  slips  between  694  and  797  seems 
to  rule  tliis  out. 

.An  ahnost  identical  change  in  grain  with  chlorite  slips  occurs  just  at 
the  top  of  3  d  4  N.,  and  the  fault  at  Manitou  No.  1  shaft  would,  if  it  did 
not  swerve,  apparently  run  west  of  3  d  4  N.  But  if  we  suppose  that  it 
is  the  same  fault  zone  which  disturbs  3  d  4.  N.  at  6-44  and  3  d  5  N.  at 
694-700,  a  hade  of  45°  to  the  E.  would  be  indicated  and  that  is  hardly 

likely. 

Similar  chlorite  seams  occur  in  the  other  holes,  and  as  in  3  d  2  N.     249- 
257  +  are  often  associated  with  abnormal  changes  of  grain. 

This  Greenstone  also  forms  the  whole  of  Hole  3  d  4  N.  most  of  Hole 
M.  3.  3  N.  and  a  large  part  of  Hole  3  d  2  N.  It  is  also  touched  in 
Manitou  39,  41,  43,  and  the  Medora  holes  13  and  14  traverse  it  in  part. 
These  correlations  may  be  made  very  surely.  But  if  we  are  not  mistaken, 
it  was  also  traversed  in  the  Isle  Royale  drill  cores.  Hole  6,  91-363,  and 
there  are  many  field  exposures.  It  therefore  furnishes  an  unusual  chance 
to  study  the  variation  of  the  grain.  Beside  the  faulting  above  mentioned, 
however,  there  are  other  difficulties.  When  the  size  of  the  augite  patches 
is  more  than  half  the  width  of  the  core,  say  over  10-15  mm.,  the  pre^ 
dominance  of  sections  not  showing  the  full  dimensions  of  a  mottle  be- 
comes more  marked,  while  at  the  same  time  the  mottling  itself  becomes 
very  much  less  defined.  Estimates  of  the  grain  based  on  the  mottling 
in  drill  cores  are  therefore  less  certain.  Thin  sections  are,  of  course,  out 
of  the  question,  and  pock  marked  weathered  surfaces  make  the  most 
pronounced  and  best  defined  pattern.     (See  Plates  II  and  III.)     I  am  not 


and 

15, 

16, 

15-40? 

at 

403, 

489 

J 

In  3  d  3  N.  mm. 

40-60, 

40, 

respectively  at 
also    30,        40, 

35, 
30 

52, 

at 
also 

240, 

8, 

246-288 
8-10, 

,    288-; 
7, 

332, 

5, 

at 

525, 

532, 

550,    ■ 

565, 

246  KEWEENAW    SERIES    OF   MICHIGAN. 

sure,  however,  how  my  estimates  of  the  coarseness  with  them  compare 

with  those  obtained  in  other  ways 

We  note  in  3  d  5  N.,  chlorite  seam  at  694-794. 

Grain      2,         4,         5,     6-7,         7,         8,     7-10  mm.  respectively  at 

794,      808,      813,      818,      823,      828,      830  feet. 
In  3  d  4  N.,  chlorite  seam,  2-3,        3,      3-5,  7,      10-12,    mm., 

respectively  at     6-44,  56,      61,        65,      74-80,  99,    feet 

and  30?,    12,-  12?    8  +  ,    10-12+     8,    15,    25?    mm. 
at      99,  113,    130,    161,       170,    218-222,    273,    342,    ft. 

20,        15  mm. 
554,      556  ft. 

40,        45,    25?     (or  50  center  to  center) 
65-113,        113-156,    156-246,    feet; 

50?  20,      15,    12-15,   mm.    resp. 

426-467,    469,    498,      511,     feet; 

3,        2,        ^,      mm.     0    resp. 
589,    601,    606,  615  ft. 

This  would  be  a  mean  gradient  in  3  d  3  N.  of  .00037,  about  1  mm.  in 
9.1  ft.,  1  inch  knobs  in  225  ft. 

In  3  d  2  N.  30?    40?        12,        10,  8-4,  6,       3,        0      mm., 

resp.    at    6-56,    104,     140,  180-188,    188-250,    250,    257,  290 
This  would  mean  a  mean  increase  of  about  1  mm.  in  10  ft. 

If  we  compare  3  d  3  N.  with  the  Mandan  holes  we  find  that  they  have 
mean  rates  of  increase  (A)  of  1  mm.  in  8.6  ft.  and  1  in  9.9  ft.  respectively. 
This  is  quite  as  close  an  agreement  as  one  would  expect  from  the  obser- 
vations as  the  probable  and  possible  error  in  each  series  is  much  greater 
than  the  difference  in  the  different  series.  At  the  Isle  Royale,  however, 
the  rate  of  increase  I  made  from  thin  sections  was  only  about  half  as  great, 
.0002.  This  would  indicate  that  the  temperature  of  the  magma  at  the 
time  of  coming  to  rest  was  higher'  on  the  Isle  Royale  though  still  not  over 
say  10%  above  the  temperature  of  consolidation.  It  is  possible  that  the 
very  thick  parts  of  the  flow  continued  in  motion  and  so  stirred  up  to  a 
lower  mean  temperature  more  readily  than  the  thinner.  Or  it  may  be 
that  the  Greenstone,  though  thicker  on  the  point,  is  farther  from  its  source 
and  so  in  flowing  had  more  time  to  cool. 

But  on  re-measuring  the  mottles  on  the  Isle  Royale  drill  cores  with  the 
eye,  rather  than  the  patches  of  augite  in  thin  section,  I  find  my  results 
uniformly  larger,  especially  for  the  coarser  mottlings,  where  e\'idently  the 
thin  section  does  not  give  enough  to  show  the  pattern,  and  this  will  reduce 
the  discrepancy  very  materially,  perhaps  entirely. 


Manitou  3  drill  hole  4  N .     Elevation  573' above  Lake  Superior.     Dip  69°.     4,300' 
N.  of  0  of  M.  3.,  and  440'  N.  of  the  S.  line  of  Sec.  10,  T.  50  N.,  R.  30  W. 

(19).  All  in  the  Greenstone.  The  mottling  has  been  given  above.  Doleritic 
streaks  occur  at  74  (7  mm.  augite,  3  mm.  feldspar),  at  99  (30  mm.  augite, 
6-8  mm.  feldspar),  at  161  (5  mm.  feldspar),  at  218-222  (6-8  mm.  feldspar), 
at  250-257  (12  mm.  feldspar),  at  301,  421,  436,  457,  489  large  porphyritic 
crystals  (rhyocrystals)  of  fresh  bytownite  (labradoxite)  occur,  at  times  not 
less  than  15  mm.  long. 

The,  grain  does  not  seem  to  vary  from  center  to  margin  of  a  particular 

»See  Chapter  IV. 
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doleritic  streak  (Marvine's  li^^ht  type  of  diorite)  but  does  seem  to  be  rather 
coarser  in  the  thick  streaks  and  in  the  center  of  the  flow. 

The  chlorite  shps  occur  at  many  points  and  in  many  directions,  often 
nearly  vertical,  parallel  to  the  hole,  so  from  6-44,  again  near  1/0,  and  at  285, 
491-544  (prehnite,— at  382  is  a  prehnite  seam  also),  and  at  589. 

Manitou  3  drill  hole  3  N.     Elevation  625'  above  Lake  Superior.     Dip  67  °.     2746' 
N.  of  No.  3,  365'  S.  of  the  N.  line  of  Sec.  15. 

(19)    IntheGreenstone3d3N.  1-615  (630+ (40to  60x9)  ^      1130 

Occasional  large  feldspar  crj^stals  21  x  44  mm.,  12  x  2  mm.,  at  5/  is  a  seam 
at  an  angle  of  24°  with  the  hole,»at  396-411  are  heavy  seams  of  chlorite, 
a<^ain  at'M3-545  is  a  chlorite  seam  which  brings  out  the  ophitic  pattern 
beautifully,  see  photograph  (PI.  IV.  b)  running  nearly  parallel  to  the  core 
From  1  to  467  the  pattern  is  too  coarse  and  faint  to  measure  accurately.  At 
156-202  it  is  about  50  mm.  from  center  to  center  of  the  faint  mottles  marked 
by  an  absence  of  coarser  green  spots,  perhaps  altered  oli^dne.  At  the  very 
beginning  35.  the  mottles  are  40-60  mm.  across. 

If  then  we  assume  the  center  of  the  flow  at.3  d  3  N.  120,  510  feet  from  the 
bottom,  with  mottles  of  say  56  to  46  mm.  we  have  a  thickness  which  agrees 
with  the  indications  of  the  surface  exposures  and  dips  and  the  drill  holes,  a 
mottling  which  agrees  with  the  indications  in  this  hole  and  the  one  north  so 
far  as  it  can  be  made  out  at  the  center,  with  the  pockmarking  (PI.  HI)  due 
to  weathering  and  also  with  general  rate  of  increase  assumed  to  continue  uni- 
formly to  the  center.  This  might  imply  that  the  lava  temperature  was  not 
more  "than  10%  above  that  of  consolidation,  while  the  exceptionally  large 
rate  of  increase  may  show  that  the  excess  was  even  less,  only  about  2% 
above.  The  occasional  sparse  rhyocry-stals  of  labradorite  found  show  also 
that  the  temperature  of  the  moA-ing  lava  can  not  have  been  above  1400°  C, 
while  the  temperature  of  consolidation  was  probably  between  1000°  and 
1100°  C. 


(20).  Allouez  conglomerate.  (2^) 

Clay  fluccan  slide  at  615 
Conglomerate  3  d  3  N.     615-640 

Copper  at  630.     Shades  off  into  a  weathered  and  decomposed  top  of  a 

trap. 
(21).  Trap  not  marked  amygdaloidal  3  d  3  N.     640-657, 


Manitou  3  iMll  hole  2  N.     Elevation  638'  above  Lake  Superior.     1818'  N.  of  M. 
3,  493'  N.  of  the  crest  of  the  Greenstone  Range  (which  is  693'  A.  L.  S.)  and  965  from 
the  center  line  of  Section  15.     Dip  67°. 
(19).  The  Greenstone  (1130  +  ) 

Trap3d2N.     1-290  + 

Mottles  (as  given  above)  from  30  to  40  mm.  down,  porphjTitic  labra- 
dorite crystals  15  mm.,  in  one  case  35  mm.     The  chloritic  seams  occur  at 
100-145,  249,  etc.     Pink  seams  are  more  often  nearly  across  core. 
20.     Allouez  conglomerate 

3  d  2  N.     290-315  (25) 

Felsitic,  dip  21.5° 
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21.  Feldspathic  melaphyre  (15) 

3  d  2  N.     315-330  Cf.  Mandan  d  14.     582-616 

13.     220- 

22.  Ophite,  feldspathic  (80) 

Amygdaloid  3  d  2  N      330-349 

Pink  and  white  to^333  and  occasional  red  bordered  amygdules  to  349. 

Trap  3  d  2  N.     349-410 

More  or  less  seamed  more  or  less  parallel  to  the  bedding.     Mottles 
3-4  mm.  at  393. 
Cf.  Mandan  d  14.     616-673 

13.     220-310  (5  mm.  at  280) 

(95) 


23.  Medora  lode.  (26) 

Amygdaloid   3  d  2  N.     410-414 

Trap  3  d  2  N.     414-436 

Fine  grained,  brecciated  3  d  2  N.   .  433-436 

This  may  not  be  an  independent  flow,  but  cf. 

Mandan"  d  14.     673-725 

13.     310-326  (121) 

24.  Feldspathic  ophite  (100) 

Amygdaloidal  trap    3  d  2  N.     436-441  Manitou  lodel 
Trap  3  d  2  N.     441-536 

Coarse  feldspathic  with  faint  mottles  up  to  5  mm.,  at  485  a  spot  of 
amygdaloid,  toward  base  prehnite  seams  across  the  hole  and  finer. 

25.  .  (221) 
Amygdaloid  3  d  2  N.     536-538                                                    (30-i-) 

Trap  3d2N.     538-566-{- 


Manitou  3  drill  hole  1  N.  Elevation  572'  above  Lake  Superior,  570'  N.  of  [3  and 
370'  S.  of  the  base  of  the  AUouez  which  is  600'  above  Lake  Superior.  It  begins  in 
an  exposure  made  by  the  rather  massive  trap  24. 

(24).  Feldspathic  ophite 

3  d  1  N.     4-46.     Coarse  faint  mottling  4  mm.  at  23. 

(221) 
(25).   Feldspathic  ophite  (38) 

Amygdaloid  3  d  1  N.     46-48=M.  3  d  2  N.     536-538 
Trap  3  d  1  N.     48-84? 

Coarse  mottled  5  mm.  at  67-74 


Perhaps  not  a  separate  flow.  (259) 

26.  Feldspathic  ophite  (43) 

Amygdaloid?  3  d  1  N.     84-85 
Amygdaloid  trap  3  d  1  N.     86-96 
Trap  3  d  1  N.     96-127 

Coarse,  faintly  mottled  at  104,  then  finer,  at  119  green  forms  like  por- 

phyritic  crystals  on  a  red  ground,  and  a  well-marked  base  (302) 

27.  Opliite  Mandan  ophite  (a)  (73) 

Amygdaloid  3  d  1  N.     127-137 
Marked,  good  looking,  prehnitic. 
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Trap  3  d  1  N.     137-200 

The  mottles  are     3,       5,       5      mm.  respectively 

at  149,    168,    178,    feet. 

The  mottUng  is  so  coarse  close  to  the  base  of  this  and  the  top  of  the  next, 
I  take  them  to  be  close  following  gushes  representing  the  Mandan  ophite, 

or  else  fault  repetitions.  (375) 

28.  Ophite  Mandan  ophite  (b) 

Amygdaloid  3  1  N.     200-203  (59) 

Marked  with  prehnite  and  copper.  (434) 

Trap  3  d  1  N.     203-259 
5  mm.  mottles  at  218 

29.  Ophite,  feldspathic  (32)  (466) 

Amygdaloid   3  d  1  N.     259-263 
Trap  3  d  1  N.     263-291 

Faintly  mottled,  coarsest  about  276 

30.  Ophite,  (36)  (502) 

Amygdaloid    ^'d  1  N.       291-307 i 
Trap  3  d  1  W.     307i-337 

31.  Ophite  (108) (610) 

Amygdaloid   3  d  1  N.     337-339 
Trap  3  d  1  N.     339-445 

Grows  coarser  to  415  (5  mm.  mottles) 

32.  The  Houghton  conglomerate  3  d  1  N.     445-473  (28)  (638) 

Rather  basic,  but  with  felsite  pebbles  to  446,  then  a  regular  felsite  con- 
glomerate.    At  455  dips  in  shaly  bands  are  at  an  angle  with  the  core  of 
71.5°  and  65.5°.     It  gradually  passes  into  an  amygdaloid  conglomerate 
with  a  dark  red  matrix  and  dark  fragments  of  scoria. 
The  distance  below  the  Allouez  is 

at  the  Mandan  and  Medora  (576) 

at  the  Central  (689) 


33.  Ophite  (66) 

Trap  3  d  1  N.    473-539 

Cf.  M.  3.  69-131  (62) 

Amygdaloidal  at  top? 

Cf.  Mandan  d  3.     190-265 
1.     121-185 
-  MottUng  to  2-3  mm.  at  500,  then  finer  (66) 

34.  First  belt  below  Houghton  (11) 

3  d  1  N.     539-550  (77) 

Amygdaloid  conglomerate  and  amygdaloid 
Cf.  M.  d  3     131-141-1- 

35.  (24) (101) 

Trap  3  d  1  N.     550-574 

35,  36  and  37  belong  together.     Cf.  Mandan  d  3.    265-339.   Cf.  Mandan 
d  3.     141-202 
Fine  grained  (61) 
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36.     Ophite  (31)  (132) 


Amygdaloid  3  d  1  N.     574-577.     Second  probably  not  independent  flow. 

Cf.  M.  7  d  1  N.     125-133  (50) 

Trap  577-605 

Mottles  2  mm.  at  590,  then  finer.     35,  36  and  37  are  closely  allied  like 
16,  17  and  18  at  the  Empire. 
37.     Ophite  (84) (216) 

Brecciated  amygdaloid  3  d  1  N.     605-618.     Third  flow. 
Cf.    M.  7  d  1  N.     170-180+  (80) 
M.  3  202-293      (91) 

Trap  3  d  1  N.     618-689 

Mottles  are       2,        2  to  3,  1  mm.  across  respectively 

at  646,  661,        676  ft. 

Cf.  Medora  d  3.     339-461 
(38).  Montreal  lode 

Brecciated  amygdaloid  3  d  1  N.     689-699 
Cf.  M.     7  d  1  N.     250-256 
Brown  and  white. 

This  is  the  fourth  amygdaloidal   (or  amygdaloid  conglomerate)    bed 

below  the  Houghton,  or  third  if  574-577  be  not  counted,  as  may  be  more 

proper. 

In  the  Montreal  shaft  No.  1  there  was  a  pocket  of  rich  copper  rock  at  the  top  and 

1st  level,  but  at  the  350- foot  level  there  was  nothing.     The  shaft  was  crossed   by 

many  seams  down  below  and  in  the  1st  level  390  feet  to  north.      The  accumulation 

of  copper  is  then  quite  likely  associated  with  a  cross-fissure. 


Manitou  drill  hole  3.     1780'  N.  of  the  S.  line  of  Sec.  15,  T  58  N.,  R  30  W.      502' 
above  Lake  Superior.     Dip  of  the  hole  65°.     Dip  of  the  bed  on  the  Houghton  26°. 
On  the  Calumet  25f°. 
(31).  Trap  d  3.     25-53 
(32).  Houghton  conglomerate  d  3.     53-69 

Felsitic  53-58,  then  red  and  white  and  black. 
Amygdaloid  conglomerates. 
(33).   Ophite  2  mm. 

Trap  d  3.     69-131 

Mottles  are     1,        2,  /      seamed       \    1    mm.  respectively 

at  90,      104,         \  across  core     /  121  feet 

(34).   Amygdaloid  conglomerate  d  3.     131-141 

Marked,  brecciated,  characteristic  red  or  brown  appearance. 
(35  & 
36).     Ophite  2  mm. 

Trap  d  3.     141-202 

There    seem  to  be  two  beds  in  3  d  1  N.,  and  here  it  is  finer  with  a  seam 
of  amygdaloid  and  copper  at  190,  but  the  mottling  continues,  being   2 
mm,  and  1  mm.  at  174  and  197  respectively. 
(37).  Ophite  3  mm. 

Amygdaloid  and  breccia  d  3.     202-231 
Trap  d3.     231-293 

The  mottles  are  2  mm  and  2-3  mm.  at  257  and  273  respectively. 
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(38).  Montreal  lode  and  ophite  foot   /  M.  d  3.     293-331  (73) 

Amygdaloid  and  breccia         \M.  3  d  1  N.     689-699  + 
Trap  d  3.     331-366 

At  331  the  change  is  rather  sudden,  (possibly  due^to'faults  on  chloritic 
seams)  to  2  mm.  ophite  mottling,  increasing  to  3  mm.  at^345. 
(39).  Ophite  2-3  mm,  "  (62) 

Amygdaloid   d  3.     366-382 
Trap  d  3.     382-428 

Decomposed  and  seamed  to  393.     Mottles  up  to  2-3  mm. 
(40).   Ophite  3  mm.  (82) 

Brecciated  amygdaloid  d  3.     428-443 

Well  brecciated,   perhaps  even  an   amygdaloidal   conglomerate,   with 
much  calcite. 
Trap  d  3.     443-510 

The  coarsest  mottles  (3  mm.)  just  above  488. 
(41).  Ophite  (72) 

Amygdaloid' d  3.     510-512     poor 

Trap  d  3.     512-582,     At  538  1-2  mm.  mottles,  many  chlorite  seams. 
(42).  Ophite  7  mm.  (167) 

Amygdaloid  brecciated  with  trap  d  3.     582-620 
Trap  d3.     620-749 

Ophite  mottling  varjang  from  1  to  3  mm.  in  the  same  core,  at  645  3  mm., 
and  between  651  and  693  coarsest,  6-7  mm. 

(60  +  ) 
43.     Ophite 

Amygdaloid  d  3.     749-758 

W^ell-marked  brown  and  white,  seam  nearly  parallel  to  hole  between  it 
and  trap. 
Trap  d  3.     758-809.     Mottles  up  to  3-5  mm. 

3.18     219-271  (52)  3.2     332-86  (54);  7  d  1  S.     695-758  (63);  7  d  2  S. 
200-250  (50);  Empire  flow  25  (63)  etc. 
;44.     Calumet  conglomerate  d  3.     809-816  (7) 

With  felsite  and  amygdaloid  pebbles,  and  yellow  epidote  and  calcite 
gradually  more  basic. 
Base  below  base  of  Houghton  conglomerate  (816  minus  69)  0^47) 

45.         To  829  decomposed  fine  grained  trap  with  some  amygdules  and  many 
chlorite  slips. 


Manitou  3  drill  hole  1  S.  of  M.  3     1142'.     480'  above  Lake  Superior.     Dip  65°; 
of  the  Calumet  conglomerate  26°. 

This  exposes  no  beds  not  touched  in  d  3.     or  3  d  2  S.     W^e  have  simply: 
(41).   A3  mm.  ophite. 
(42).       3  d  1  S,     52-74     Amygdaloid,  then  trap  (mottling  7  mm.  between  139 

and  179)     (167) 
(43).       3  d  1  S.     219-235.     Amygdaloid  with  copper  in  the  hanging,  then  trap 
i  (52) 

(44).       3  d  1  S,     271-275  Calumet  conglomerate.     Felsitic  to  278,  to  283  amyg- 
daloid. (7) 
(45).   3  d  1  S.     283-357     Epidotic,  then  ophite  (4  mm.  at  328) 
(46).       3  d  1  S.     357-371     Amygdaloid,  then  ophite  (3  mm.  at  365)  then  nearly 
vertical  seam  to  390. 
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Manitou  3  drill  hole  2  S.     S.  of  M.  3.  1575',  130'  N.  of  a  small  shaft  striking  the 
Calumet  foot  through  25'  of  drift,  and  215'  N.  of   the  soutn  line  of  sec.  15,  T.  58 
N.,  R.  30.  W.;  480'  above  Lake  Superior.      Dip  of  hole  65°,  of  beds  about  26°,  by 
correlation  and  observation. 
(42).  Fine  grained  trap  seamed  at  an  angle  of  73.5°. 
(43).  Amygdaloid  3  d  2  S.     34-38  (54) 

Brown  and  white,  then  green,  brown  and  white,  and  at  41  in  the  foot, 
seams  of  prehnite  with  copper. 
Trap  3  d  2  S.     38-86. 

Mottles  3  mm.  at  61,  2  mm.  at  79,  and  redder  toward  base.     A  per- 
sistent and  uniform  bed  here  and  elsewhere. 
(44).  Calumet  conglomerate  (14) 

Felsitic  3  d  2  S.     86-88 
Amygdaloid  3  d  2  S.     88-100 

The  dip  is  well  marked  14.  7:30  exactly  26°  agreeing  with  correlations. 
(45).  Ophite  (72) 

3  d  2  S.     100-172 

A  decomposed  trap  with  a  chlorite  seam  at  5°  to  10°  to  hole  at  134  and 
168.     Mottles  1  mm.  at  116,  3  mm.  at  134-147,  then  finer,  1  mm.  at  168. 
Cf.  M.    3  d  1  S.     283-357     (74) 
7  d  1  S.     260-320 
M.  d3         S.     816-829  + 
Empire  flow  27  (69) 

Clark  flow  .29? 

46.  Amygdaloidal  conglomerate  and  ophite  (72) 

Amygdaloid?     3  d  2  S.     172-175.  (144) 

At  the  top  a  narrow  band  of  amygdaloid  conglomerate  not  found  else- 
where, and  the  line  between  that  and  the  amygdaloid  not  marked. 
Trap  3  d  2  S.     175-244. 

There  is  a  prehnite  seam  nearly  straight  across  the  core  (77.5°) 
The  coarsest  mottling  is  2-3  mm.  near  214. 
7  d  1  S.     320-390.     Empire  flows  28  &  29? 

47.  Amygdaloidal  conglomerate  and  ophite  (90) 

""(234)" 
Amygdaloid?  3  d  2  S.     244-250 

Analcite  occurs.     Red  and  green  fragments  occur  imbedded  in  a  preh- 
nitic  ground.     There  may  be  a  few  inches  of  the  amygdaloid  conglomerate 
which  is  much  like  that  at  172. 
Trap  3  d  2  S.     250-334 

Mottles  are  3  mm.  at  280;  4-5  mm.  at  298;  1  mm.  at  320,  near  which  is 
a  chlorite  seam  parallel  to  hole,  near  vertical? 

7  d  1  S.     390-480     (90)     Empire  f.  29? 

48.  Ophite     (Calumet  amygdaloid  and  foot?)  (125) 

359 
Amygdaloid  3  d  2  S.     334-338 
Trap  3  d  2  S.     338-459     poor 

Ophite  up  to  4-5  mm.  mottles  down  to  376,  at  408  7  mm.  mottles  match- 
ing Empire  hole  4.880  f.  80,  at  423  4  mm.  At  380,  418  and  beyond  423 
are  heavy  chlorite  seams  and  from  452  the  base  is  much  brecciated.  7  d 
1  S.     480-587     (107) 

Empire  f.  30  (140),  M.  7  d  2  S.     35-145  (110) 

Man  clan  10.     .567-694  (G  mm.) 
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In  the  figure  (29)  the  Calumet  and  Osceola  amygdaloids  are  placed  lower  and 
there  is  some'  uncertainty  as  to  their  exact  correlation,  depending  somewhat  upon 
whether  one  correlates  from  the  Kearsarge  conglomerate  below  or  the  Calumet  con- 
glomerate above. 

49.     Ophite  (Osceola  amygdaloid  and  foot  .3).  (86) 

.Amygdaloid  3  d  2  S.     459-467         (8) 

Prehnitic,  conglomeritic. 
Trap  3  d  2  S.     467-545 

Mottles       3-4,  1,  A  mm. 

at  494-509,     526.        534        with  brecciated  base. 

Cf.    7  d  1  S.     587-612         (25) 
7  d  2  S.     145-160-255 
Empire  f.     31  (948-970+  ?)  to  f,  33 

Mandan  10.     694-784  (83)  a  3  mm.  ophite  with  porphyritic  feldspar?, 
a  doleritic  ophite 
(50).  Ophite 

Amygdaloid  3  d  2  S.     545-559 
Cf.  3  d  3  S.       73-  85-172         (91) 

Mandan     694-784  (81) 

Empire  f.    34 


Frontmac  3  drill  hole  3  S.     2624'  S.  of  M.  3,  823'  S.  of  N.  line  of  Sec.  22.     Eleva- 

tion  495' above  Lake  Superior.     Dip  of  hole  65°.     Of  beds  27°. 

(445) 

Surface     20 
(49).  Trap  3  d  3  S.     20-73         (53  +  40  +  ) 

Begins  in  bed  49  with  a  4  mm.  mottUng  at  25,  2-3  mm.  at  49,  1  mm.  at 
65.     From  71-73  is  red  and  brecciated. 
50.     Feldspathic  ophite.     Osceola  amygdaloid  and  foot. 

Amygdaloid  3  d  3  S.     73-85     Cf.  3  d  2  S.     545-559  (91) 

Prehnitic  and  conglomeritic. 

(536) 


Trap3:d3S.     85-172 

Mottles     2,          2-3, 

3, 

4?, 

at             -".Ol,        115, 

122, 

140, 

2  mm. 
155 
There  are  chloritic  seams  at  45°  at  155,  then  it  is  finer  and  somewhat 
brecciated.     For  correlations  see  above  3  d  2  S.     Do  these  chloritic  seams 
mean  dropping  out  beds  corresponding  to  Empire  32  to  33? 

51.  Doleritic  ophite  (153) 

Amygdaloid  Frontenac  3  d  3.  S.     172-175  (689) 

Poor 
Trap  3  d  3  S.     175-325 

Coarse  feldspathic  faint  4  mm.  mottles  197-247,  at  230  5  mm,  257  7  to 
12  mm.,  275  7  mm.  Doleritic  at  203,  204,  209,  214-216  (feldspar  6  mm. 
with  calcite  and  chloritic  interstices),  and  258.  Cf.  7  d  2  S.  255-203-450 
with  a  narrow  amygdaloid  reported  at  340-345,  probably  one  of  the  dole 
ritic  streaks.  Also  Empire  flow  35  (141),  which  is  also  doleritic  and  about 
the  same  size,  and  Mandan  d  10.     784-925     (129). 

52.  Ophite  (21) 

Amygdaloid  3  d  3  S.     325-327  (710) 

Calcareous  amygdaloidal  trap  to  333. 
Trap  3  d  3  S.     327-346.     Mottling  1  mm.  at  337. 
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53.     Ophite  (103) 


Amygdaloid  3  d  3  S.     346-353  (813) 

Marked  brecciated  numerous  seams  at  an  angle  of  66°  with  core. 
Trap  3  d  3  S.     353-449 

At  first  fine  grained  with  coarse  chloritic,  and  calcite  and  laumontite 
amygdules,  and  remains  apparently  fine  grained  with  occasional  amyg- 
daloid spots  throughout,  seams  making  an  angle  of  10°  to  the  core,  pre- 
sumably nearly  vertical,  with  pink  laumontite  or  calcite  filUngs  are  dis- 
placed by  others  which  are  perpendicular  to  the  core  and  presumably 
nearly  parallel  to  the  dip,  the  north  or  upper  side  being  thrown  west. 
This  would  be  the  effect  of  a  down  slide  on  a  north  or  northeast  striking 
vertical  seam. 

54.  Doleritic  ophite  (181) 

Amygdaloid  3  d  3  S.     449-451  (994) 

Amygdaloidal  trap  3  d  3  S.     451-471 

Fine  grained,  spotted,  with  occasional  red  bordered  amygdules. 
Trap  471-630 

Grows  in  general  coarser  but  at  548,  500,  551  doleritic  apparently  finer, 
also  at  565  and  584.  Mottles  5  mm.  at  585,  3  mm.  at  628,  Pink  seams 
at  14°^  to  core.  If  these  are  vertical  also  seams  at  66°  to  cote,  may 
strike  N.  70°  W.  dip  70°  to  N.  nearly  perpendicular  to  them.  Much 
seamed  near  base. 

This  is  the  first  bed  in  Hole  3  d  4  S.     -66 
It  occurs  also  in  7  d  3  S.     165-303 

Mandan  8.       48-158 

10.     1050-1220? 
Empire  f.         36  and  37,  especially  36. 
Clark  hole  4 
'^Characteristic  of  this  belt  is  its  amygdaloidal  character,  and  the  dole- 
ritic streaks,  while  the  mottling  is  ill-defined,  so  that  there  is  a  tempta- 
tion to  consider  it  several  belts  or  flows. 

55.  Amygdaloidal  melaphyre     (independent?)  ^  (26) 

Amygdaloid   3  d  3  S.     630-635 
Trap  3  d  3  S.     635-640 

Amygdaloid   3  d  3  S.     640-656 


56.     Kearsarge^conglomerate  (1010) 

Felsitic  conglomerate  3  d;3  S.     656-669  (13) 

Foot  brecciated,  passing  into  fine  grained  ophite  (1023) 

For  the  distance  to  the  Calmnet  compare: 

Mandan  d  10.     194-1230  (900-940)  distance  in  thickness 

Empire  (744) 

Manitou/'  (1080) 

Central  '         (1190) 

Around  Calumet  the  distance  is  commonly  930-994.  Out  to  the  Em- 
pire the  distance  is  remarkably  persistent.  There  is  some  loss  at  the 
Empire  by  faulting  or  otherwise,  unless  (as  is  quite  likely,  see  Fig.  24.) 
Holes  2  and  4  do  not  lap,  and  the  dip  is  about  45°.  With  such  a  dip  the 
distance  from  the  Calumet  to  the  Kearsarge  would  be  1050. 
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Frontenac  3  drill  hole  4  S.     3878'  S.  of  No.  3  hole  and  2064'  S.  of  N.  line  of  Sec, 
22.!    El.  518' above  Lake  Superior.     Dip  65°;  of  beds  26.5°. 
(54).   Ophite  at  37  3  mm.  mottles,  at  50  2  mm.  mottles  30-66 
(55).  Amygdaloidal  melaphyre  (40) 

Amygdaloid   3^d  4  S.     66-68 
Trap  3  d  4  S.     68-106 

Chloritic  to  75,  then  faintly  ophitic,  growing  finer. 
(56).   Kearsarge  conglomerate  3  d  4  S.     106-121  (15) 

The  last  foot  is  of  basic  material.     At  118  a  good  dip  is  80.5°  against 
the  core. 
(57).   Kearsarge  foot  ophite  (83) 

Trap  3  d  4  S.     118-201 

Weathered  from  150-158,  much  seamed  at  an  angle  with  the  core  of 
15°.  The  mottUng  is  at  185  4  mm.,  at  197  1-2  mm.  Usually  thicker. 
Belts  58  and  59  probably  often  merge?"   Empire         f.  39. 

58.  Ophite,  feldspathic  (91) 

(174) 
ronygdaioid   3  a  4  ».     201-202         roor 
Trap  3;d  4  S.     202-293 

Faintly  mottled  (5  mm.)  doleritic  at  intervals  223-244,  with  3-4  mm. 
mottles  at  270.     Empire     f.  40. 

59.  Sediment  and  trap?     3  d  4  S.     (293-342-)     (49)  (223) 

60.  From  296-304  is  much  veined  and  probably  a  repetition  of  the  bed  above. 
At  324-326  is  a  sediment,  a  clasolite  perhaps,  but  green,  epidotic  as  well  as 
red,  with  a  dip  of  80°  to  77°  against  core.; 

61.  Amygdaloid  3  d  4  S.     342-344  '      (5)  (228) 

GlomeroporphjTitic  base  and  amygdaloid. 
Trap  ?  3  d  4  S.     344-347. 

62.  Amygdaloid  conglomerate  3  d  4  S.     347-350  (3)  (231) 

63.  Feldspathic  ophite  3  d  4  S.     350-376J  (26i)  (257^) 

3  mm.  mottles  at  367. 

64.  Sedimentary  contact  at  376^ 

From  293-376J  is  not  easy  to  define  owing  to  the  faulting  and  the  ir- 
regular mixture  of  sediment  and  trap.  Though  it  may  be  in  part  claso- 
litic,  there  is  e^ddently  at  least  one  well-marked  sedimentary  horizon,  a 
premonition  of  the  Kearsarge.  Cf.  Empire  f.  41,  also  Mandan  d  8. 
574.5-589,  where  the  intervening  traps  are  much  thicker,  also  C.  &  H. 
D.  flows  5  &  6. 

65.  Feldspathic  melaphyre  (62^)  (320) 

Amygdaloid   3  d  4  S.     376*-377 
Trap  3  d  4  S.     377  -439 

Seamed  at  389,  with  a  bomb  near  406. 
;66.     Ophite  (10  mm.)  (225)  (545) 

Amygdaloid   3  d  4  S.     439'-444' 
Trap  3  d  4  S.     444'-664' 

From  450-455  is  a  seam  of  calcite  quartz  and  copper  in  the  feldspathic 
ophite,  which  grows  coarser  up  to  540-568,  and  grows  darker  green  chloritic 
with  copper  in  the  chlorite  at  575. 

The  mottles  are  up  to        8,  10,  8,  5,  2    mm. 

respectively  at  503-513,    540-568,    575,        615,        659 
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This  is  at  the  top  of  5,  is  also  probably  the  same  as)  Central  f.  46 
There  is  nothing  so  large  at  the  Mandan  except  the  flow  directly  under 
the  Kearsarge.     At  the  Empire  section  compare  f.  42. 

67.  Sedimentary  bottom  contact  (1) 

Frontenac  3  d  4  S.     664-665     3  d  5  S.     71-74  (546) 

68.  Melaphyre 

Trap  3  d  4  S.     665-700  -  (25) 

Frontenac  3  d  5  S.     74-105     (31)  '  (571) 

69.  Ophite  (15  +  ) 

Amygdaloid  Frontenac  3  d  4  S.     700-704 

Trap3d4S.     704-715  + 

Mottled  up  to  2  mm. 

Frontenac  3  d  5  S.     105-112-164     (59) 


Frontenac  3  drill  hole  5  S.     Location  5150'  S.  of  No.  3  hole.     El.  523'  above  Lake 
Superior.     Dip  of  hole  65°;  of  beds  27^°.     By  correlations  on  the  sediment  at  72 
a  dip  of  even  34  °  might  be  inferred. 
(66).  Ophite 

Trap  Frontenac     3  d  5  S.     39-66 

Poor  amygdaloid  3  d  5  S.     66-71 

Begins  with  3  mm.  mottles. 
(67).   Sediment  3  d  5  S.     71-74,?  (3?)  (546) 

(68).   Amygdaloidal  melaphyre  (31) 

Poor  amygdaloid  3  d  5  S.     74-87  (571) 

Amygdaloid  trap  3  d  5  S.     87-105 
(69).   Ophite,  feldspathic  (59) 

Amygdaloid  3  d  5  S.     105-112  (630) 

Red  and  poor. 
Trap  3  d  5  S.     112-164 
Feldspathic  with  doleritic  tendency,  coarsest  at^l41-144. 

70.  Feldspathic  melaphyre  i 

Amygdaloid  3  d  5  S.     164-171  (38) 

Contact  near  center?  (668) 

Trap  3  d  5  S.     171-202 

71.  Sediment 

Chocolate  color,  dip  80.5° 

The  frequency  of  these  sediments  between  the  Kearsarge  conglomerate 
and  the  Wolverine  sandstone  is  noteworthy,  though  their   thickness  is 

usually  insignificant. 

72.  (33) 
Amygdaloid  Frontenac  3  d  5  S.     202-205 

Trap  3  d  5  S.     205-235 

73.  Ophite  (23) 

Amygdaloid   3  d  5  S.     235-239         Fissures  at  30°.  ; 

Trap  3  d  5  S.     239-258 

A  seamed  feldspathic  ophite. 
Top  of  Kearsarge  lode  below  base  of  Kearsarge  conglomerate  (724) 

(35) 

(758) 

74.  Ophite,  first  of  the  Kearsarge  lode  group. 

Amygdaloid  3  d  5  S.     258-272  with  porphyritic  feldspar? 
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Kearsarge  lode. 

Trap     3  d  5  S.     272-293 

At  273  a  seam  of  calcite  and  prehnite. 
75.     Ophite  feldspathic  (44) 

Amygdaloid  3  d  5  S.     293-298 

A  feldspathic  motthng 
Trap  3  d  5  S.     298-337  


(802) 

76.  Ophite  with  the  Kearsarge  amygdaloid  (66' 

Amygdaloid  3  d  5  S.     337-340 

Coarse  porphyritic  feldspar  crystals  in  fine  ground  growing  coarser. 

Trap  3  d  5  S.     340-403 

Coarse  ophite,  at  375  4  mm.,  from  396  on,  finer.  

77.  Ophite  with  a  Kearsarge  amygdaloid  (24)  (868) 

Amygdaloid   3  d  5  S.     403-408 
Trap  3  d  5  S.     408-427 

Porphyritic  crj'stals  marked  to  412. 

Total  of  Kearsarge  group  with  four  amygdaloids  169  (982) 

The  upper  two  are  not  so  certain;   the  top  of  76  seems  to  be  the  main 
lode. 

78.  Horizone  of  Wolverine?     Trap 

The  contact  has  a  highly  porphyritic    amygdaloid  with  clasolitic  red 

sandy  matter  (at  444  feet)  which  is  all  there  seems  to  be  of  the  Wolverine 

sandstone. 

127-443 

79.  Ophite 

Amygdaloid   3  d  5  S.     443-448 
3  d  5  S.     450-452 

Trap  3d5S.     452-453  + 

Mottling  4  mm.  at  508 

Fault.  From  511  to  523  are  a  lot  of  chlorite  slips  at  22.5°  to  the  hole, 
and  though  the  grain  gets  finer  about  523  feet  no  amygdaloid  comes  in, 
so  I  think  it  is  cut  out  by  a  fault,  very  likely  one  of  the  nearly  vertical 
ones  running  across  the  range. 

80.  Ophite 

Trap  3  d  5  S.     533 

After  533  the  mottles  increase;  from  1  mm.  to  3  to  4  mm.  at  547-557, 
then  finer  and  full  of  chlorite  slips  from  567-575,  then  coarse  6-7  mm.  at 
583,  then  finer  to  616. 

This  seems  to  be  the  disturbed  representative  of  the  big  ophite  that 
generally  comes  just  below  the  Wolverine. 


Cross-Section  at  Delaware  mine.     The  data  for  a  section  here  are 

(1)     The  mine  map  as  published  by  Lawton  in  the  Report  of   the  Commissioner 

of  Mineral  Statistics  for  1885  near  page  218  for  instance. 

it.  (2)     Mar\ane's  statement  that  the  Houghton    conglomerate   is  1563   (637)   feet 

from  the  Allouez. 

(3)     A  sketch  of  the  diamond  drill  explorations  on  the  Delaware    (File  10  12), 

see  Volume  V,  Part  I,  page  130,  where  Rominger  gives  his  idea  of  things.     The  dip 

of  the  Allouez  at  the  Delaware  he  calls  23°. 
33 
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(4)     My  own  notes  of  Sept.  7,  1905.      This  is  about  a  half  mile  east  of  Manitou 
3  section,  the  bed  numbers  of  which  are  given. 
Fig.  29  The  combination  record  will  be  somewhat  as  follows: 

20        1.     Conglomerate  "  (25) 

AUouez 

22  2.     Ophite        Trap  (100) 

23  3.     Amygdaloid     (16)  (278) 

24  Trap 

Sometimes  doleritic  with  numerous  inclusions  as  shown  in  contact 

25  dividing  in  the  lower  part  of  the   mine  map  into  123  feet  trap  31 

26  amygdaloids,  118  trap 

4.     Ophite  (163) 

27  Amygdaloid  (28) 
Trap  (135) 

31        5.     Ophite  (76) 

Amygdaloid     (31) 
Trap         (45) 
Massive,  well  mottled  617 

6.  Houghton  conglomerate  No.  14     (20)  (637) 
?32    Marvine  made  this  1563  feet  from  the  Allouez  No.  1  horizontally.     I  find  a 

well-marked  upper  amygdaloid  contact  of  a  flow  about  1200  feet  from  and  about 
105  below  the  conglomerate  on  the  old  railroad  cut,  which  seems  to  be  the  same 
horizon.  Above  it  some  distance  is  a  well-marked  ophite.  Lawton's  mine  map 
doesn't  show  any  amygdaloid  close  above  the  Houghton  conglomerate.  But  unless 
accidentally  omitted  from  the  map,  its  absence  in  the  8th  level  would  indicate  a 
greater  dip  and  therefore  intervening  thickness  than  Marvine  assumed,  not  less  than 
710  feet,  and  I  think  somewhat  more  thickness  is  really  more  probable  from  the  ap- 
parent thickness  in  the  field  of  overlying  flow,  and  the  correlations  elsewhere. 

7.  Underneath  is  not  well  exposed  and  not  explored,  550  feet  on  and  40 
feet  lower  down,  or  about  (200)  to  (250) 

38       8.         The  Montreal  lode,  brecciated  with  calcite,    prehnite  and  copper,  a 
scoriaceous  conglomerate  perhaps?  (20)     (290) 

9.         Unexplored,    must  belong  in  good  part  anyway  to  the  underlj'ing 
trap  (163)     (433) 

Delaware  drill  hole  No.  5  is  1025  S.  and  42  ft.  lower  than  the  base  of 
the  Houghton  conglomerate,  at  the  level  of  the  Montreal  River,  and 
foot  of  a  steep  bank. 


10. 

42.  11. 

43.  12. 


Trap  at  top  of  Hole  No.  5  to  45 


Amygdaloid  to  85=40         (37) 
Trap  to      268=183     (168) 


(37) 

470 

(205) 

675 

(64) 

(739) 

Amygdaloid  to  280==:12     (11) 
Trap  to  338=58     (53) 

(44)  13.     Calumet  conglomerate,  as  generally  supposed— 347=9         (8)      (747) 
(45) 

14.     Trap  to  bottom  43S-i  ft.  and  at  beginning  of  Holes  2,  3  and  4 

(105)      (105) 
No.  2  is  only  40  feet  deep  vertical  and_[900  ft.  horizontally  from  No.  5 
No.  3  is  only  90  feet  deep  vertical  and  910  feet  horizontally  from  No.  5 
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No.  4  is  232  feet  deep  vertical  and  930  feet  horizontally  from  No.  5 
perhaps  5  feet  higher.  Its  record  is  trap  to  38,  amygdaloid  to  65,  trap 
to  145,  amygdaloid  to  160,  trap  to  end  at  232,  when  there  follows 
another  gap.  y 

(46)  15.  (99)     (204) 

Amygdaloid     65=27     (25) 
Trap  145=«0     (74) 

(47)  16.  (80)     (282) 

Amygdaloid  160=15     (14) 
Trap  232=72+  (66) 

Next  follows  a  considerable  gap  No.  1  hole  being  2230  feet  from  5  and  42  feet  above 
the  base.  This  would  make  it  1563  +  1025  +  2230  feet  or  4818  feet  from  the  AUouez. 
About  220  feet  down  in  it  a  conglomerate  is  reported  which  wall  then  be  4818  feet 
from  and  about  320  feet+  below  the  Allouez.  To  assume  this  the  same  as  the 
Kearsarge  at  the  Central  and  at  the  same  distance  below  the  Allouez  will  be  to  as 
sume  a  mean  dip  of  31  °,  a  dip  by  no  means  improbable,  since  in  the  Central  mine 
section  we  found  steep  dips  to  the  south,  and  we  found  our  correlation  for  the  Hough- 
ton and  Calumet  both  falling  somewhat  short  of  what  we  made  thern  at  the  Central. 
However,  for  the  present  we  follow  copy,  with  the  comment  only  that  very  likely 
the  unexplored  thicknesses  should  be  increased  some  30% 

17.     Unexplored  +  (290)     (572) 

Drill  hole  No.  1  is  vertical,  37  feet  above  No.  4,  1280  feet  from  it.  The  record  is 
overburden -32;  trap-127;  amygdaloid-140;  Trap-220;  South  conglomerate-227; 
Trap-233-i. 

(54)  18.  (87  +  )     (659) 

Trap  32-127=95 
(5)  19.     Amygdaloid  140=13     (12) 
Trap  220=80     (73) 

(56)  20.     South  conglomerate   (the  Kearsarge?)-227-7     (6)  750 
There  is  no  conglomerate  shown  at  any  such  position  in  any  other  section  of 

which  I  know,  and  the  inference  is  strong  in  my  opinion  that  the  dip  should  be  in- 
creased somewhat,  though  there  may  be  indeed  be  a  thinning  of  the  distance  be- 
tween the  Calumet  and  the  Kearsarge. 

(57)  21.     Trap. 


§6.     CENTRAL  MINE   AND   ARNOLD   (COPPER  FALLS)   (FIGS.  .30   AND  3L)i 

Next  west  of  the  Manitou  is  the  old  Connecticut  property,  Sec- 
tion 10,  T.  58  N.,  K.  30  West.,  where  the  road  to  Eagle  Harbor 
turns  off  through  a  gap  which  may  be  a  fissure  continuing  to  the 
Eagle  Harbor  fissure  north  of  Section  9. 

The  next  mile  (Section  17)  brings  us  to  the  old  Waterbury.  It 
is  then  nearly  two  miles  to  veins  in  Sections  18  (Summit)  and  10, 
which  seem  to  belong  to  a  group  of  veins  in  the  Arnold  and  Central 
mine.  (Figs.  30  and  31.)  In  this  belt  two  important  mines  have 
been  worked  for  years,  both  in  fissure  veins  and  by  exploration  in 
them,  and  by  combining  them  (Figs.  30  and  31)  we  are  able  to 
give  a  pretty  complete  section  from  the  Lake  Shore  and  the  Great 
Oonglomeratt,  very  nearly  to  the  Bohemia  conglomerate. 

>Fififures  30,  31,  32  and  33  are  in  envelope. 
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This  section  is  that  given  on  the  old  map  of  Keweenaw  Point 
by  Whitney,  Hill  and  Stevens  and  is  compiled  from  various  old 
mine  maps  of  Emerson  and  others  but  down  to  the  Kearsarge 
conglomerate  largely  follows  the  work  and  notes  and  sections  of 
Dr.  L.  L.  Hubbard  (File  7).  Mr.  W.  W.  Stockly  has  also  been  of 
help.  The  drill  cores  south  from  the  Central  were  looked  over 
by  Mr.  P.  S.  Smith  and  myself.  Figures  30  and  31  are,  however, 
built  and  adjusted  to  mine  maps  since  through  part  of  the  section 
the  mines  had  caved  in  and  specimens  could  not  be  obtained.  As 
the  Owl  Creek  vein  follows  a  cross-fault  the  beds  on  the  two  sides 
of  the  adit  following  the  vein  across  the  formations  do  not  coin- 
cide. The  strike  here  is  N.  73°  51'  E.  The  section  is  mainly  that 
of  the  west  side  of  the  vein,  illustrated  by  Ss.  16780  to  16826. 

The  detailed  measurements  of  the  Owl  Creek  adit  are  as  follows  beginning  on  the 

east  side. 

Width        Thickness 

Amygdaloid  1-10  10  (4.3) 

Amygdaloid  Ss.  16781-2'  10-30  20  (8.6) 

Sandstone  Sp.  16783  30-258  228  (98.4) 

Amygdaloid  Sp.  16784  258-307  49  (21.1) 

Trap  Sp.  16785  49  + 

These  samples  now  change  to  the  west  side  of  the  vein  since  the  adit  made  an 
offset  which  would  apparently  be  98  feet  horizontally  along  from  the  top  of  the  last 
mentioned  amygdaloid  and  49  feet  from  its  foot.     At  this  point  there  is  a — 
Small  sandstone  seam  Sp.  16786  5  in.  (2  in.) 

This  may  be  a  clasolite  as  it  seems  to  be  associated  with  the  trap  which  is  Sp. 
16787.  This  continues  for  115  feet  beyond  the  sandstone  seam  or  from  the  top  of 
Amygdaloid  Sp.  16784  -213 

Sp.  16788  213-230 

Sandstone  Sp.  16789  230-362 

Amygdaloid  or  small  flow 

Sp.  16790  362-375 

Sandstone  and  conglomerate  375-463 
(Fluccan)  Sp.  16791 
Amygdaloid  Sp.  16792  463-490 

Trap  Sp.  16793  490-507 

Amygdaloids  Sp.  16794  507-605 

Eagle  River  Beds   10  to   14   are  amygdaloids,   and  amygdaloidal  melaphyres, 
amygdaloid  throughout 
Trap  Sp.  16795  605-666 

Amygdaloid  seam  Sp.  16796  666-669 

Probably  not  top  of  separate  flow 
Trap  669-816 

Sandstone  816-1044 

This  is  probably  Eagle  River  Bed  No.  17  and  is  almost  the  same  number  of  beds 
from  the  beginning  of  the  Owl  Creek  vein  adit 

iQr  Collector's  Nos.  2  and  2a. 


115 

(49.6) 

17 

(7.3) 

132 

(57) 

13 

(5) 

88 

(38) 

u 

(*) 

27 

(11.7) 

17 

(7.3) 

98 

(42.3) 

id  an: 

lygdaloidal 

61 T 

(26.3) 

2^ 

(1) 

147 

(63.4) 

228 

(98.4) 

66 

(28.5) 

20 

(8.6) 

140 
32 

(60.4) 
(13.8) 

162 

(69.9) 

45 

(19.4) 

86 

(37.1) 
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Amygdaloid  and  trap  Sp. 

16798  1044-1110 

Sandstone  (Eagle  River 

20?)  1110-1130 

Amygdaloid  melaphyre   and 

trap  (Eagle  River  21?)  SS. 

16799-16800  1130-1270 

Sandstone  (Eagle  River  22?)  1270-1302 
Trap   Sp.    16801    Cf.   Eagle 

River  25  1302-1464 

Sandstone     Sp.     16802     Cf. 

Eagle  River  26  1464-1509 

Amygdaloid    and    trap    Sp. 

16803  1509-1595 

Sandstone     Sp.      16804     Cf. 

Eagle  River  28  1505-1647  52  (22.4) 

Interval  in  which  beds  were  not  well  made  out,  broken  by  seam  of  fluccan  flanked 

by  vein  matter  as  shown 

SS.  16805-7  1647-2267  620  (267.6) 

The  seam  of  fluccan  is  138  feet  from  the  top  of  the  bed  and  is  about  1^(6) 

ASHBED     GROUP 

Amygdaloid  distinctly  of  porphyrite  type  SS.  16808-9.      Cf.  Eagle  River  44  to  45 

2267-2324  57  (24.5) 

More  compact  SS.  16810-12   2324-2378  24  (23.2) 

Amygdaloid  SS.  16812-3         2378-2423  45  (19.4) 

Closer  and  more  compact  part  of  the  same  flow.     SS.  16814-5  near  top  and  bot- 
tom 2423-2590  167  (72.1) 
Amygdaloid    (really    5    feet 

wide)  Sp.  16815  2590-2598  8  or  5  (2.2) 

This  is  presumably  Marvine's  heavy  bed  62.  A  little  adjustment  has  been  neces- 
sary to  reconcile  the  measurements  along  the  vein  with  the  real  location  of  the 
shaft,  mine,  etc.  (See  also  section  given  in  the  Report  of  the  Commissioner  of  Mineral 
Statistics  (1888)  1889,  p.  87)  and  has  been  made  in  this  heavy  bed  and  below.  SS. 
16816-20  2598-3103  505       '        (217.9) 

Hubbard  thought  possibly  there  were  two  or  more  beds.  The  base  is  a  series 
of  slide  fluccans  which  separate  it  from  the  Ashbed  proper. 


Fluccan     slides.     Cf.     Eagle 

River  63  3103-3123  2^1  in.)       (17  [7  in.) 

Amygdaloid  and  trap  of  the 

Ashbed.     Sp.  16822  3124-3149  25  (10.8) 

More    of    the    Ashbed  Sp. 

16823  3149-3183  34 

Porphyrite  Sp.  16824  3183-3338  .  155  (64) 

(lower  part  of  the  Ashbed) 

Trap  3338-3879  (91  feet  from  N,  side  of  Thomas 

shaft) 

Center  of  the  Thomas  shaft  was  at  3783  and  at  3838  was  a  cistern  beyond  which 
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it  was  impossible  to  examine.    The  rest  of  the  measurements  are  compiled  from 
old  mine  maps.     Hubbard's  first  estimates  would  make  this  trap    450+91. 


i.  e. 

.541 

(228) 

Amygdaloid 

3879-3889 

10 

(4.3) 

Trap 

3889-4024 

135 

(58.3) 

Amygdaloid 

4024-4034 

10 

(4.3) 

Trap 

4034-4094 

60 

(25.8) 

Amygdaloid 

4094-4104 

10 

(4.3) 

Trap 

4104^134  and  4279 

30+145 

(12.9) +(62.6) 

Sandstone  4279-4284  5  .(2.2) 

This  is  evidently  the  first  sandstone  south  of  the  Ashbed^  corresponding  to  the 
Eagle  River  83  to  85  perhaps] 

Trap;  tf.  4284-4524  240  (110.1) 

Sandstone  ^4524-4534  10  (4.3) 

This  apparently  corresponds  to  Eagle  River  Bed  85  and  perhaps  to  the  Pewabic 
West  conglomerate,  Marvine's  No.  16  at  Portage  Lake  and  from  here  on  the  section 
must  be  patched  a  little,  the  position  of  the  beds  in  Fig.  30  being  taken  from 
Manitou  3  section.  It  is  said,  however,  that  the  unexplored  part  of  the  adit  was 
continued  something  like  3500  feet  beyond  the  Ashbed  and  reached  the  Greenstone. 


Capt.  Clark  of  the  Arnold  reports  that  "a.  dike  18  inches  to  2 
feet  wide  was  met  in  the  0th  level  in  the  'Pewabic  belt'  running  a 
little  north  of  east  and  sonth  of  west,  nearly  vertical,  which  threw 
the  formation  down  on  the  north  about  22  feet  vertically." 

"The  Owl  Creek  vein  was  explored  deeper  north  of  or  above  the 
Ashbed  than  below  where  it  was  poorer.  There  are  three  veins 
west  and  two  east  of  the  Owl  Creek  vein  that  fault  the  Ashbed 
alternately  in  opposite  directions,"  and  three  on  the  east  that 
do  not  fault  it.  ^'The  main  vein  has  the  east  side  32  paces  or  so 
north."  From  notes  by  L.  E.  Emerson  on  an  old  map  we  have 
the  following  data,  besides  the  distances  to  various  contacts  used 
in  the  section. 
Ninth  level  adit  measuring  north  from  north  wall  of  Spencer 
shaft  at  Ashbed. 

At  1393  Feldspathic  copper  bearing  belt, 

•      At  2475,   2525,   2550,  2603,  2674,  2655,    2683,    2743,    2797, 

2840   ("Silver   bearing   belt")   contacts    being   beds   called 

amygdaloids,    bearing    analcite,    datolite,    prehnite     and 

calcite.     Also  at  320  to  350  feet  south  of  Thomas  shaft, 

mottlM  rock. 

In  Fig.  30  I  have  given  numbers  corresponding  to  belts  in  the 

Eagle  River  section  down  to  Eagle  River  belt  87.     Then    for    a 

part  of  the  adit  south  of  the  Thomas  shaft  entirely  unexplored  and 

for  which  no  data  at  all  can  be  obtained  from  mine  maps,  I  have 
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takeu  the  liberty  of  patching  in  the  belts  from  Manitou  3  (Fig.  27) 
as  the  Eagle  River  section  is  incomplete  just  here.  The  Eagle 
River  section  makes  the  interval  from  No.  85  to  the  Greenstone 
only  353  feet  against  50G  in  Manitou  3  which  is  somewhat  disturb- 
ed. Quite  possibly  then  the  section  to  the  Greenstone  is  thinner 
than  shown,  and  the  Greenstone  correspondingly  thick.  The  sec- 
tion as  drawn  makes  it  1,330  feet.  Stockly  reports  mottles  3  inches 
across.  I  have  seen  them  over  two.  This  at  a  rate  of  increase  of 
.000375  would  mean  1,333  feet.  It  is  safe,  certainly,  to  allow  over 
1,000  feet  above  the  Allouez  with  no  amygdaloids. 

South  from  the  Greenstone  to  the  Kearsarge  conglomerate  the 
section  given  in  Figure  31  was  shown  in  the  works  of  the  Central 
Mine  on  the  vein  of  that  name.  The  section  is  partly  given  in 
detail  in  Volume  I,  Part  II,  Chapter  YI.  It  can  be  completed 
from  later  mine  maps  and  investigations  by  Dr.  Hubbard^  down 
to  the  Kearsarge  conglomerate. 

At  this  point  there  is  a  slide  displacing  the  vein  284  feet  and 
apparently  the  country  rock  "above  the  conglomerate  between  the 
east  and  west  veins  has  moved  to  the  north,  thus  producing  along 
the  west  vein  the  relations  of  a  reverse  fault  and  along  the  east 
vein  those  of  a  normal  fault,"  as  very  carefully  studied  by  Hubbard 
and  shown  in  Plates  I,  II  and  III  of  the  article  referred  to,  which 
as  they  were  prepared  for  the  Michigan  Geological  Survey  are 
herewith  reproduced  as  Figures  31  and  32,  the  west  vein  below 
the  Kearsarge  conglomerate  being  the  displaced  east  vein  above  it. 

The  detailed  section  follows:  The  core  boxes  were  scattered 
and  had  to  be  studied  at  different  times,  but  were  among  those 
most  carefully  examined.  P.  S.  Smith  examined  1  and  2.  T. 
Dengler  furnished  the  locations.  When  the  drilling  was  done  the 
increased  dip  to  the  south  was  not  fully  appreciated.  Some  of  the 
holes,  also,  are  on  one  side  of  the  fissure,  some  on  the  other.  Nos. 
1  and  8  though  nearly  in  line  of  strike  do  not  at  all  correspond 
with  each  other.  Thus  in  the  section  (Fig.  33)  I  have  not  tried  to 
give  1  and  2  in  their  geographic  position  but  rather  in  their 
geologic  which  as  will  be  seen  means  a  vertical  displacement  of 
some  080  feet. 

If  we  may  judge  by  the  Frontenac  section  this  fails  by  only 
about  700  feet  to  reach  the  Bohemia  conglomerate.  This  agrees 
with  the  fact  that  it  covers  the  ground  down  to  the  south  line  of 
Section  30,  T.  58  N.,  R.  31  W.  The  Praysville  porpliyry  and  other 
exposures  help  us  to  locate  and  identify  ihe  Bohemia  horizon  as 
crossing  the  south  line  of  Section  30. 

iLake  Superior  Mining  Institute,  Vol.  III.,  p.  74. 
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Belt 

No. 

0. 

13. 

14. 

15. 

26. 

31. 

39. 

41. 

42. 

43, 

44,  45, 

(46  bis) 

50. 

53. 

54, 

55. 

56. 

58. 

59. 

61- 

•71 

72. 

73- 

-75. 

77- 

-79. 

Abstract  of  Central  mine  Cross-section. 

Beginning"at  base  of  Allouez  conglomerate,  which  is  about 

(10)  feet  thick. 
Melaphyres  ophites — none  over  (75)  feet  thick.     Dip  about  24° 
Houghton  conglomerate  felsitic  (10) 

below  the  ba.se  of  the  Allouez  (640)  to  (685) 
Of  ash  bed  type  (61)  (730) 

Melaphyres  up  to  96  feet  thick  (probably  including  ophites) 
Calumet  conglomerate  (15),  base  below  Allouez  ba.se  (1500) 

Ophites  mainly — some  over  100  feet. 

Ophite  (1^8)  base  below  Calumet  384  feet. 

Ophite  (10  mm.  x  4  mm.  augite)  (194)  base  below  Calumet         1020. 
Fault  fluccan  over  Kearsarge  base  below  Calumet  1128 

below  Allouez  (2628) 

Dip  about  27  °  according  to  Hubbard  below  Allouez  (2.599) 

Kearsarge  conglomerate  (62), — from  Houghton  eg.     (2021) 

below  Allouez  (2690) 

(end  of  mine  section)     below  Kearsarge   (233) 

below  Allouez  (2923) 

Cend.  2  base  of  first  flow  in  Cend.  2  at  80  (3114) 

Red  shaly  sediment,  below  base  of  Kearsarge  (469) 

below  Allouez  (3159) 

Kearsarge  hanging  ophite  (73)  below  base  of  Kearsarge  (587) 

below  Allouez  (3277) 

(90)  and  (75)     Repetition  or  two  flows  of  K.  F. 

Kearsarge  am\  gdaloid 
Wolverine  sandstone,  below  Kearsarge  conglomerate  (752) — 

below  Allouez  (3442) 

below  Wolverine  sandstone  (281) 

Ophite  big  2.442-498=8.42-314  (250) 

Sc.  Am.  60  choc.  ss.     (see  Franklin  J.  3.535)         (311)  (3752) 

Small  beds  of  feldspathic  ophite  type  (485) 

Ophite  (122) 

Small  beds  5.88=8.722     76  sediment  5.98-100       (641)  (4083) 

78  inclusion  bed  feldspathic  doleritic  datolite  (149) 

79  feldspathic  ophite  (179)  (999) 


81. 

82-87. 

88-93. 

96. 

97-101. 

102-107, 


108-112. 


Sandstone  (7)     5.585-593 

Small   feldspathic    beds  5.807=3.182 


113. 


(1042)  (4484) 

(1216) 
(1372) 
Conglomerate  3.608-612=4.67-68  (1.577)        (5019) 

Glomeroporphyrites,  red,  gl.  am.  light  fels.  tr.  chloritic,    faint,  or  no 

mottles  4.675=6.39  (2072) 

Glomeroporphyrites,  heavier  and  more  ophitic  at  base 
107=6.352-544=6  A.  290-414 

(2482) 
Glomeroporphyrites,  heavier  and  more  ophitic  at  base, 
112=6.650-801=7.37-257  (205)? 

(2772) 
Ophite  (203) 
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114-115.         Small  flows  glonieroporphyrite?  (2975) 

116.  Doleritic  ophite.  (3284)  (6726) 

The  dip  from  Hole  2  to  7  is  not  far  from  35  degrees. 

This  Central  mine  Cross-Section  is  in  continuation  of  the  section  in  Volume  I, 
Part  I,  Chapter  VI,  of  the  Reports  of  the  Geological  Survey  of  Michigan,  adding 
the  results  of  the  deeper  mining,  especially  as  given  in  the  reports  of  the  company, 
Dr.  L.  L.  Hubbard's  paper  in  the  Transactions  of  the  Lake  Superior  Mining  In- 
stitute 1895,  pages  74-83,  and  recent  driUing.  The  whole  figure  (33)  makes  a  fairly 
complete  section  from  the  Allouez  conglomerate  No.  15  nearly  down  to  the  horizon 
of  Conglomerate  No.  8.  The  upper  belts  are  abstracted  merely,  tho.se  now  pub- 
lished for  the  first  time  are  given  more  fully.  Mr.  Philip  S.  Smith  examined  very 
carefully  drill  hole  1 . 

Allouez  conglomerate  or  Slide  (No.  15)  10  Running 

Totals. 

Melaphyre  (36) 

2.  (40) 
Amygdaloid                                                       (14) 

Melaphyre  (26)         .  (76) 

3.  (35) 
Amygdaloid                                                       (14) 

Melaphyre  (21)  ^  (HI) 

4.  (101) 
Amygdaloid                                                       (14) 

Melaphyre     C.  V       Trap  (212) 

5.  (87) 
Amygdaloid     C  2                                              (18) 

Chocolate  brown,  prehnitic,  with  copper-  gradual  transition  to  C.  3; 
the  Medora  lode? 
Melaphyre  C.  3  (45)  (275) 

.\mygdaloid  C.  4  (16) 

Brown  matrix,  with  prehnite,  copper,  calcite  amygdules,  laumontite 
veins,  feldspar  vugs. 

Melaphyre  C.  5  (55)  (346) 

(346) 
Amygdaloid  C.  6  (15) 

Brown  matrix  with  delessite  and  calcite  amygdules 
Melaphyre  C.  7  (40)  (401) 

Amygdaloid  C.  10  and  C.  11  (15) 

Brown  matrix. 

Melaphyre  C.  12  and  C.  13  (60) 

Very  thick  and  uniform  just  like  C.  5 

•^  (476) 

Amygdaloid  C.  14  (15) 

Brown  matrix,  with  cupriferous  prehnitic  amygdules 

Melaphyre  C.  15  (37)  (528) 

Amygdaloid  C.  16  (17) 


6. 


10. 


iPumpelly's  original  number.     See  Vol.  I.,  Pt.  II. 

2It  must  not  be  forgotten  that  samples  are  taken  near  the  Central  vein.  Pumpelly  calls 
only  the  trap  or  compact  part  melaphyre.  In  modern  use  of  the  term  it  is  applicable  al.so  to 
the  amygdaloid  top.  1 
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Brown,  very  hard  compact,  with  amygdules  of  prehnite,  and  calcite 
with  green  earth 
Melaphyre  C.  17  (45)  (590) 


11. 


12. 


13. 


Amygdaloid  C.  18  (22) 

Melaphyre  C.  19  (5)  (617) 

Amygdaloid  C.  20  (5) 

Brown  with  amygdules  of  epidote,  or  delessite  and  red  feldspar 
Melaphyre  C.  21  (5)  .  (627) 

All  the  melaphyres  so  far  said  to  be  alike,  like  C.  5 

Amygdaloid?  C.  22,  23,  24.  (12) 

Melaphyre  C.  25  (10)  (649) 


14.     Houghton  conglomerate 

Porphyry  conglomerate  with  epidote  cement  and  disseminated  copper 
in  both  pebbles  and  cement  C.  26  to  34  (10)  (659) 

This  is  the  Houghton  conglomerate  (14)  and  the  vein  in  this  conglomerate 
carries  large  crystals  of  calcite.  Scaling  the  distance  from  the  base  of  15 
to  the  base  of  14,  on  the  mine  map  it  varies  from  (640')  to  (685').  Mar- 
vine  makes  it  1685'  horizontal  or  (665)  feet,  implying  a  dip  of  23°. 

15. 

Amygdaloid  C.  35,  36  (16)  (61)  (720) 

Said  to  be  of  Ashbed  type,  amygdules  almost  wholly  calcite. 
Melaphyre  C.  37,  38,  39  (45) 

Said  to  be  fine  grained,  but  the  lower  part  is  minutely  mottled  and 
hence  an  ophite.  Altered  olivine  "copper  colored  micaceous";  delessite; 
"soft  white"  altered  feldspar  are  mentioned. 

16.  (83) 
Amygdaloid  C.  40                                             (15)  (803) 

Brown  with  amygdules  of  green  earth,  green  earth  and  calcite,  and 
feldspar  with  copper 
Melaphyre  C.  42  (68) 

Very  fine  grained  with  even  fracture,  containing  small  crystals  of 
plagioclase  and  altered  olivine. 

By  scaling  from  the  mine  map  it  appears  that  in  continuous  cross- 
section  this  should  be  a  total  of  (830) 

17.  (54) 
Amygdaloid  C.  43                                             (20)  (900) 

Green  and  brown  with  amygdules  of  green  earth,  calcite,  copper,  anal- 
cite. 
Melaphyre  C.  44,  45,  47,  48.  (34) 

Harder  than  C.  5,  with  perfect  conchoidal  fracture. 

18.  (59)  (962) 
Amygdaloid  C.  49                                           (16) 

Brown,  with  prehnite  and  calcite  and  chlorite  amygdules. 
Amygdaloidal  melaphyre  C.  51 
Melaphyre  C.  52  (43) 

Like  C.  5. 

19.  (96)  (1058) 
Amygdaloid  C.  53                                           (28) 

Soft  brown  with  calcite  and  altered  prehnite 
Melaphyre  (68) 
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20.  (70)  (1128) 

Amygdaloid  (25) 

Melaphyre  (45) 

21  (122)  (1250) 

Amygdaloid  C.  54  (13) 

Purple-brown  amygdaloid  with  prehnite 
MelaphjTe  C.  56  (15) 

Hard,  fine  grained,  with  altered  olivine. 
Amygdaloid  C.  57  (10) 

"Probably  not  a  persistent  bed",  brown,  with  isolated  amygdules~of 
prehnite  and  chlorite. 

Amygdaloidal  Melaphyre  C.  58  (16)  (50)? 

MelaphjTe  C.  59  and  60        (68) 

Same  type  as  C.  5 
22.  (1289) 

Amygdaloid  C.  61  (9) 

Soft  brown  with  prehnite,  analcite  and  copper 
Melaphyre  C.  62  (30)    ■ 

By  direct  scaling  (1300) 

23.-  (39+?)    (1328+ ?) 

Amygdaloid  (9) 

Melaphyre  C.  63  (30)  + 

From  Belt  19  there  is  a  short  interval  that  can  be  filled  only  by  a  mine 
map  (reproduced  reduced  in  Lawton's  report  of  the  Commissioner  of 
Mineral  Statistics  for  1899)  which  does  not,  however,  agree  at  all  closely 
with  Marvine  and  Pumpelly's  map,  Plate  23  of  Volume  I.  There  may  be 
30  feet  discrepancy.  Yet  all  maps  agree  in  bringing  the  next  conglome- 
rate, the  Calumet  &  Hecla,  at  the  intersection  of  No.  2  shaft  and  the  16th 
level,  and  the  mine  map  gives  two  amygdaloids  between  that  and  the  13th 
level.     We  reckon  accordingly. 


24.  (96)  (1424) 

Amygdaloid  (16) 

Melaphyre  (80) 

The  second  belt  above  the  Calumet  is  often  quite  a  thick  one.     Cf.  Man- 
dan  1.     668-835. 


25. 


26. 


Amygdaloid  (15)  (1493) 

Melaphyre  above  the  Calumet  (54) 

Hubbard  gives  this  in  figures  subject  to  re\'ision  as  (1474)  feet. 

Conglomerate  No.  13.     The  Calumet  (15)  (1500) 

On  the  13th  level  the  base  of  this  appears  to  be  546  feet  south  of  No. 
2  shaft.  On  the  21st  level  an  inclined  shaft  which  follows  it  down 
from  the  20th  level  is  855  feet  north  of  the  shaft  which  is  12  feet  wide. 
The  apparent  dip  would-be  23°|.  According  to  Capt.  M.  Trethewey 
they  drifted  at  the  190  fathom  level  to  the  east  1800  feet  to  the  north- 
western vein.     The  lode  was  rich  for  only  30  or  40  feet. 

From  the  base  of  the  Houghton  to  the  base  of  the  Calumet  is  (831) 

Below  this  conglomerate  the  old  mine  map  would  give  us  Trap  (62), 

Amygdaloid  (22);  Trap   (100)  to   (184);  Amygdaloid   (14),  Trap   (120) 

to  (418);  Amygdaloid  (10)  feet,  but  from  this  point  on  the  mine  was 
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carefully  examined  and  mapped  by  and  under  L.  L.  Hubbard,  whose  re- 
marks in  the  mine  are  put  in  quotations. 


27. 


Running 

totals 

from 

base  of 

Calumet 


Amygdaloid  .  (3)        Sp.  16774 

Trap  (68)  "    16773  (71) 

"At  about  31  to  34  paces  from"  the  foot  of  this  trap  "there  is  a  slide 
in  the  east  wall  of"  the  21st  "level  running  from  N.  W.  to  S.  E.  and 
nearly  parallel  with  a  vertical  through  this  level;  another  like  it  occurs 
a  few  paces  farther  north.  The  conglomerate, — or  rather  the  top  of 
the  amygdaloid  under  it,  is  about  seven  feet  or  more  higher  on  the  west 
side.  We  climbed  up  above  the  level  just  under  the  old  inclined  shaft. 
On  the  east  side  the  vein  wall  is  grooved  and  polished  for  20  feet  or  more, 
the  grooves  having  a  northerly  dip  about  5°.  This  agrees  with  two 
other  occurrences  of  the  same  kind  that  I  have  noticed  previously  in  this 
mine". 

From  685  to  858  N.  on  the  21st  level. 

28.  Ophite.  (98)  (169) 

Amygdaloid    (16)        Sp.  16772 

Trap  (82)        Sp.  16771  just  beneath  the  amygdaloid  16772 

Sp.  16770  just  above  the  amygdaloid  16769 
16770  is  finer  grained  than  16771 
From  444  to  665  N.  on  the  21st  level 

It  is  possible  that  28  with  this  makes  up  the  single  large  flow  that 
often  occurs  close  under  the  Calumet  conglomerate. 

29.  Ophite.  (27)  (196) 

Amygdaloid   Sp.  16769  (1) 

Amygdaloidal  melaphyre  Sp.  16768  (9  paces)  (12)  (10) 

Trap?  Sp.  16767  (11)  paces 

From  377  to  444  N.  on  21st  level. 

30.  Ophite.  (80)  (276) 

Amygdaloid   Sp.  16766  (5) 

Trap  Sp.  16765,  16764  (70  paces)  (75) 

16765  is  1  to  2  mm.  mottled?,  16764  is  finer 
From  182  N.  to  377  N.  on  21st  level. 

31.  Ophite.  (108)  (384) 

Amygdaloid   Sp.   16763,  16762     (7-*) 
Trap  16761, 16760     (95) 

From  182'  north  to  84'  south  on  the  21st  level  =  264'  x  sin  24° 
Total  on  21st  level  from  the  base  of  the  Calumet  conglomerate  26. 
858  +  84=942  x  sin  24°=384.  A  dip  of  27°  would  imply  a  thickness 
of  440  feet,  and  the  mine  map  evidently  assumes  a  steeper  dip  than  24°, 
This  may  be  the  hanging  of  the  Osceola  amygdaloid.  It  should  be  be- 
tween this  and  flow  35. 
32  (109)  (492) 

Amygdaloid  Sp.  16759  at  the  end  of  21st  level  (9)? 

Trap  ?  (possibly  two  or  more  belts)  (99) 

From  84  S.  in  21st  level  to  25'  + N.  in  23rd  level 
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33.  59  (551) 
Amygdaloid   Sp.  16758     •                             (7) 

A  brown  amygdaloid,  brecciated  with  chloritic  amygdules 
Trap     From  25  N.  in  23rd  level  to  103  S.     (52) 

34.  ■  (42)    .  (593) 
Amygdaloid                                                      (20) 

from  103  to  153  S.  of  23rd  level 
Trap  (21) 

from  153-205  S.  in  23rd  level 

About  here  should  be  the  horizon  of  the  Osceola  amygdaloid,  above 
or  below  Belt  33. 

35.  Ophite.  -         (141  say) 

Amygdaloid 

From  205-215  S.  in  23rd  level  (5) 

Trap  Sp.  16750,  16751  (63)+ (35?)=98+?  (734) 

'*'  To  the  caved-in  end  of  the  23rd  level  South,  360'  -I-  at  which  point 
the  rock  is  still  a  well-marked  ophite,  Sp.  16750,  and  the  mottling  is 
2  or  3  mm.  across,  so  that  the  belt  must  be  close  to  100  feet  thick,  for 
tliis  grain  if  below  the  center  would  be  perhaps  35'  from  the  bottom. 

Now  the  top  of  the  northern-most  amygdaloid  in  the  31st  level  at 
1215,  is  by  scaling  at  a  dip  of  24°  just  100  feet  below  the  top  of  this 
Belt  35.     Above  it  to  1375  is  trap.     Ss.  16682  and  16681. 

Sp.  16681  is  fine  grained  massive  ophite.  Sp.  16682  is  coarser  than 
Sp.  16750,  the  mottling  being  estimated  as  4  mm.  across  by  the  eye. 
This  is  about  what  might  be  expected  over  40  feet  above  the  bottom 
of  the  flow,  and  points  to  a  flow  over  80  feet  thick.  The  Kearsarge 
conglomerate  directly  below  dips  20°48'.  The  distance  between  the 
N.  end  of  the  31st  level  and  the  S.  end  of  the  23rd  being  1800  feet 
more  or  less,  a  variation  of  a  degree  in  the  dip  assumed  will  mean 
about  30  feet  in  the  thickness  of  this  belt.  So,  for  instance,  if  we  pro- 
long the  lower  beds  up  straight  we  get  a  thickness  of  220  feet  as  a 
maximum,  and  if  we  prolong  the  lower  beds  down  we  get  30  feet  as  a 
minimum.  In  such  a  case  the  grain  indications  are  of  much  value. 
A  thickness  of  141  feet  which  we  choose  means  a  mean  dip  of  slightly 
less  than  23°  and  is  probably  nearer  the  truth  for  this  bed  at  this 
depth.  We  take  141  feet,  in  order  to  make  the  totals  by  beds  agree 
with  the  scaled  distance  from  the  Kearsarge  to  the  Calumet  at  a  dip 
of  24°  from  8.58'  N.  in  the  21st  level  to  307'  N.  in  the  32nd. 

36.  (18) 
Amygdaloid  Sp.  16680                               (3) 

From  1215  to  1207  in  the  31st  level. 

Trap  1170-1207  (15)  (752) 

37.  Ophite.  (48)  (800) 

Amygdaloid  (1) 

From  1167-1170  in  the  31st  level  N. 
Trap  Sp.  16679 

1055-1167  (47) 

Sample  of  trap  taken  near  lower  contact,  "the  farther  north  it  is  the 
more  mottled". 
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38.  Ophite.  (26)  (800) 

Amygdaloid  Sp.  16678  (6) 

Sample  of  amygdaloid  near  upper  contact,  1055-1039  in  31st  level  N. 
Trap  Sp.  16677  (20)  (826) 

1039-987  in  31st  level  N. 

39.  Ophite.  (194)  (1020) 

Amygdaloid  Sp.  16676  (18) 

Sample  from  near  top  987-940 
Trap  Sp.  16675  (16674  bunch  of  Am.)  16673,  16672,  16671,  (176) 
Of  the  samples  from  this  massive  trap  Sp.  16671  is  the  coansest,  the 
average  diameter  being  about  6  mm.  I  think  they  tend  to  a  prismatic 
form  10  mm.  long  x  4  across.  It  is  supposed  to  be  only  118  (48)  feet  be- 
low the  top.  Sp.  16674  is  seamed  and  pseudoamygdaloid.  16673  is 
very  full  of  irregular  druses  lined  with  epidote  crystals.  It  may  be 
doleritic  but  seems  more  Hke  a  vein.  Ss.  16673  and  2  represent  "seams 
of  coarse  rock"  "the  upper  1  to  2  feet  wide,  the  lower  6  in."  The  two 
seams  on  the  east  side  tend  to  form  a  lens  although  they  do  not  meet  in 
the  level.  On  the  east  side  they  are  6  feet  apart  in  the  widest  part, 
horizontally.  The  two  thicker  seams,  4  feet  above  the  floor  of  the  level 
are  32  feet  apart  horizontally,  the  west  side  being  the  farthest  north. 
This,  with  the  belt  below,  is  perhaps  the  rather  persistent  heavy  belt  just 
above  the  Kearsarge  conglomerate  which  often  lies  just  between  two 
heavy  ophites. 

40.  Ophite.  (103) 

Amygdaloid  Sp.  16670  (5) 

493-505  in  31st  level  N. 
Trap  (mottled)  Sp.  16669,  16668,  16667  (98)  (1125) 

Sp.  16669  is  93  feet  from  the  conglomerate  (38). 

The  mottling  appears  to  be  3  to  4  mm. 
The  contact  of  the  trap  and  underlying  vein  is  in  the  roof  at  the  be- 
ginning of  the  31st  level  N.,  and  the  belt  runs  say  from  230-493  in  31st 
level  N.     The  amygdaloid  at  the  top  while  fine  grained  does  not  seem 
to  be  a  very  pronounced  belt. 


41. 


Fault  fluccan  just  overlying  Kearsarge  conglomerate  (3) 


(1128) 


Sp.   16664     (Hubbard  made  the  distance  from  the  Calumet  1125' 
and  the  total  distance  from  the  AUouez  1474 -f- 1125= 
2599  feet) 
Sp.   16697,  etc. 
42.     Kearsarge  conglomerate  (62) 

From  the  Calumet  conglomerate  (1190) 

Hubbard*  discusses  the  identity  of  the  "Kingston"  conglomerate  with  the  Kear- 
sarge. This  outcrop  is  really  500  feet  (not  paces,  Irving)  south  of  the  quarter  post 
of  Section  33,  T.  58  N.,  R.  31  W.,  and  not  the  center  as  given  by  Marvin  and  Irving 
and  followed  by  Hubbard,  although  Irving  gives  the  distance  from  the  Greenstone 
4650  feet.  Bringing  this  half  a  mile  north,  if  we  assume  it  to  be  the  Kearsarge  as  I 
think  we  must,  we  must  increase  the  dip  accordingly  to  about  35°.  There  seems 
to  be  a  number  of  misprints  about  this  exposure. 

As  to  the  slide  in  the  Central,  see  Hubbard  in  Lake  Superior  Mining  Institute, 
1895,  as  corrected  in  Volume  VI,  Part  II,  page  87.     See  also  pages  85  to  96. 

>Vol.  VI.,  Pt.  II..  p.  85. 
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The  Kearsarge  conglomerate  varies  greatly  in  thickness  and  is  very  nearly  wiped 
out  by  the  slide  above. 

Capt.  Tretheway  says  that  the  water  above  it  was  so  salt  that  it  caused  itching 
and  sores. 

From   the  base   of   the   Houghton  (2021) 

"       "       "      "•   Allouez  (2690) 

The  30th  level  continues  the  section  below  the  Kearsarge  conglome- 
rate which  in  that  level  appears  to  be  only  23  feet  thick. 

43.  ■  (136)  (136) 
Amygdaloid   Sp.  16695 

From  66.3  to  76  in  the  30th  level  S.  (4) 

Trap  Sp.  16698  (132) 

From  76-402  in  the  30th  level  S. 
This  belt  is  generally  thicker. 

44.  •  (82)  (218) 
Amygdaloid   Sp.  16699                                (10) 

From  402-427  in  the  30th  level  S.  grey-green  with  epidote,  quartz, 
calcite. 
Trap  Sp. 16700.  16702 

From  427-603  in  the  30th  level  S.  (72) 

The  contact  between  41  and  42  occurs  on  both  sides  of  the  level  and 
the  west  side  is  thrown  farther  forward,  northward. 
45. 

Amygdaloid  16703,  16701  (8)  (233) 

From  603-610  in  the  30th  level  S. 
Trap  16702  (7)  (15) 

From  610-640  in  the  30th  level  S. 

Below  the  base  of  the  Allouez  conglomerate.  (2923) 

46.     Ophite.  (191)  (3114) 

Amygdaloid  Sp.  16704  (20) 

From  640-684  in  the  30th  level  S. 
Trap  (platy)  Sp.  16705 

From  684-687  end  of  level  which  is  252  feet  below  the  Kearsarge 

or  about  2923  feet  below  the  Allouez? 

The  section  from  this  point  is  continued  by  drill  holes  (1)  and  (2), 
the  cores  examined  by  Lane,  and  that  of  No.  1  by  P.  S.  Smith.  Ea^- 
dently  in  planning  the  holes  the  dip  was  assimied  to  continue  about 
24°  as  in  the  mine.  In  this  case  drill  hole  No.  2,  the  one  farthest 
north,  would  begin  only  [6472.+  (184-61)  x  cot  24°]  sin  24°  =  2740 
feet  below  the  Allouez,  that  is  to  say,  almost  immediately  beneath  the 
Kearsarge  conglomerate  and  lapping  the  belts  of  the  31st  level  S.  But 
this  dip  is  too  small  for: 

1.  Drill  hole  2  and  the  belts  of  the  31st  level  South  do  not  har- 
monize. 

2.  The  distance  from  the  Kearsarge  conglomerate,  and  what 
we  identify  as  the  Kearsarge  amygdaloid  would  be  altogether  too 
small  (3073-2690  =  383  instead  of  800  or  900  around  Calumet  or 
500  or  600  farther  out  on  the  point). 

3.  Drill  hole  2  should  lap  the  top  of  drill  hole  1  at  a  depth  (8404- 
(61-46)  cot  24°)  sin  24°  =  355  feet,  and  the  belt  2.333-408  is  a  very 
characteristic  one,  the  Kearsarge  foot.  This  does  certainly  not  ai> 
pear  in  drill  hole  1,  which  does  not  appear  to  lap  drill  hole  2  more 
than  a  trifle  at  most. 


272  KEWEENAW    SERIES   OF   MICHIGAN. 

4.  The  holes  put  down  at  66°  do  not  appear  to  strike  the  sedi- 
ments exactly  at  the  right  angles  to  the  bedding,  and  the  dips  meas- 
ured in  vertical  drill  holes  seem  to  be  more.  For  instance  the  dip  of 
the  d  5  sandstone  at  585  seems  to  be  about  34°^. 

The  outcrop  of  the  so-called  Kingston  conglomerate  is  wrongly 
given  by  Marvine,  and  following  him  Irving  and  Hubbard  as  Hub- 
bard afterward  found  being  half  a  mile  further  north,  500  paces  S.  of 
the  N.  quarter  post  (instead  of  center)  of  Sec.  33,  T.  58  N.,  R.  31  W. 
This  reduces  the  horizontal  distance  from  the  Greenstone  and  in- 
validates Hubbard's  arguments  as  to  dips  in  his  Lake  Superior 
Mining  Institute  paper  1895,  p.  86. 

6.  In  the  Central  mine  itself  we  find  the  dip  of  the  Kearsarge  in- 
creasing toward  the  surface  up  to  27  °. 

7.  All  the  correlations  of  the  drill  holes  farther  S.  jjoint  to  a  dip 
in  them  not  far  from  35°. 

The  seven  reasons  given  above  are  conclusive  it  seems  to  me  as  to 
the  extreme  probability  that  the  section  covered  by  the  diamond 
drill  cores  dips  considerably  more  than  24°.  There  is  of  course 
especially  near  a  line  of  disturbance  like  the  Central  vein  much 
possibility  of  errors  due  to  unallowed  faults  and  consequent  throws. 

Referring  to  the  objections  above  listed: 
Objection    1.    will  be  obviated   by  any  dip  over  26°. 

2.  "       "  "         "  a  dip  of  about  27°. 

3.  "       "  "         "  any  dip  over  35°. 

"        4.     "      "  "         "  dips  from  30°  to  40°  apparently. 

"        5.     "      "  "         "  a  steeper  dip  depending  on  the 

exact  location  and  elevation  of  the  outcrop  in  question, 
relative  to  the  Greenstone  opposite. 
"      6.  Will  be  obviated  by  a  dip  of  27°  or  a  little  more. 
"      7.  Will  be  obviated  by  a  dip  about  half  way  between  24° 
and  35°. 
On  the  whole  it  seems  to  me  most  fair  in  continuing  the  section 
to  assume  an  average  dip  for  the  whole  width  from  the  Allouez 
thus  far  of  27°.     This  will  satisfy  objections  1,  2  and  6,  and  allow 
the  indications  of  steeper  dips  in  the  drill  holes  to  balance  the  flatter 
dips  of  the  upper  part  of  the  mine. 

In  such  case  the  top  of  drill  hole  No.  2  will  be  about  3064 
feet  below  the  Allouez  conglomerate  if  the  strike  be  N.  72°  E., 
or  if  the  strike  is,  as  is  most  likely  N.  80°  E.,  3034  ft.  An  average 
dip  of  29°  to  30°  would  make  the  distance  3300  feet  or  so.  This 
would  make  the  bottom  of  the  first  flow  at  80  feet,  3114  feet  below 
the  Allouez  conglomerate.  If  we  suppose  that  the  bottom  of  Belt 
43  is  the  top  of  Hole  2  it  would  make  it  (3114-2923)  =  (191)  feet 
thick. 

Now  the  grain  in  drill  hole  2  seems  to  decrease  steadily  from  the 
first  samples  with  a  grain  of  5  mm.  so  that  the  belt  is  not  less  than 
(81)  feet  thick,  and  there  is  nothing  inconsistent  in  supposing  it  to 
be  the  lowest  belt  exposed  in  the  mine.  It  is  possible  it  represents 
the  base  of  the  large  ophite  under  the  Kearsarge  conglomerate 
250-300  feet  thick  (at  the  Mandan  268). 
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(46  bis)  (continued)     Ophite  to  Cend.  2.80 

At  39,  48,  67,  71  feet,  5,  2-3,  2,  and  1  nun.  mottles. 
0-39  is  over  burden  of  sand? 

Base  l)elo\v  base  of  Allouez  conglomerate  (3114) 

47.  Ophite.  (16) 

Amygdaloid  d  2.80-86  (6) 

With  a  little  copper. 
Trap  d  2.86-96  (10) 

Mottles  up  to  2  mm. 

48.  Ophite.  (10) 

Amygdaloid   d  2.96-97  (1) 

Trap  d  2.97-106  (9) 

49.  Ophite.  (16-^) 

Amygdaloid   d  2.106-115  (9) 

Trap  d2.115-122'4.  (7§) 

50.  Sediment  d  2.r22'4"-124'9".  (2-i) 

Red  shaly  sediment  with  amygdaloid  scoria.  The  bedding  is  not 
over  5°  to  10°  from  being  at  right  angles  to  the  hole. 

Base  below  base   of   the  Kearsarge   conglomerate  (469) 

"       "      "   Allouez  "  (3159) 

Cf.  F  J  d  4,463,  and  M  7  d  4  S.  336'  which  is  about  1625'  below  the 
C.  &  H.,  and  470  below  the  top  (?)  of  the  Kearsarge,  also  R.  1,  4,  535 
etc.  Between  this  and  the  Wolverine  there  is  generally  a  distinct 
tendency  to  be  feldspathic. 

51.  (14) 

Amygdaloid   d  2.124'9"-129  (4) 

Trap  d  2.129-139  (10)  (483) 

52      Ophite  (31) 

Amygdaloid  d  2.139-146  (7) 

Coarse,  feldspathic,  with  forms  suggestive  of  porphyritic  crystals, 
chloritic 
Trap  d  2.146-170  (24)  (514) 

The  bottom  contact  makes  an  angle  of  7:2  with  the  drill  core. 
The  dip  inferred  would  be  40°. 

53.  Feldspathic  ophite.  (73) 

Amygdaloid  d  2.170-179  (9) 

Rather  coarse  and  feldspathic  with  rare  amygdules  at  179;  copper 
at  202.     This  has  rather  the  structure  of  the  Kearsarge  foot.     Cend. 
2179  =  F.  J.  4.608? 
Trap  d  2.179-243  (64) 

At  204 '  6  "  though  coarse  only  faintly  ophitic.  The  mottling  at  222 
is  uncertain,  appearing  to  be  about  5  mm.  (much  too  coarse  for  the 
ordinary  augite  mottles.     This  mottling  continued  to  237). 

Base  below  base  of   the  Kearsarge  conglomerate  (587) 

"       "      "   Allouez  "  (3277) 

54.  Kearsarge  (Foot)?  a  porphyritic  ophite?  (90) 

Amygdaloid    d  2.  243-247    a  red  amygdaloid  with  red  feldspar  pheno- 
crysts  and  small  red  amygdules. 
d  2.  247-251    similar  with  red  bordered  green  centered 

amygdules 
d  2.  253-257    hard  fine  grained  amygdaloid 
35 
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(1  2.  257-259    coarser  seainod'.',  with  copper 

(1  2.  259-264    not  very  amygdaloid  but  very  fine  grained 

and  porphyritic  and  brecciatcd. 
d  2.  264-273   amygdaloid  but  coarser  with  much  sludge 

and  probably  in  or  crossing  a  fissure, 
d  2.  273-276  Heavily  veined  with  calcite  (33) 

Trap  d  2.  276-287  Slightly  amygdaloid,  but  ophitic,  2  mm.  mottling 
at  297,3  mm.mottlingat  308  (a  coarse  ophitt;),  and 
still  markedly  ophitic  at  324,  but  growing  finer. 
Then  at  333+  very  chloritic  and  full  of  slicken- 
sides,  probably  crossing  a  fault,  not  the  bottom  of 
the  bed.     But  we  have  a  return  of  amygdaloid 

(57)  (677) 

55.  Kearsarge  (a  porphyritic)  ophite.  (75)  (752) 

Amygdaloid  d  2.333-338.  Well-marked  with  red  amygdules  and 
phenocrysts  or  porphyritic  crystals  and  groups  of  plagioclase  up  to  20 
mm.  long  (5)=? 

Trap  338-408  (70) 

Below  338  the  regular  Kearsarge  trap  comes  in  a  relatively  undis- 
turbed state.     At  348  mottlings  2  mm.,  phenoeiyst  6  mm.,  at  361 
mottlings  2  mm.,  at  374  it  appears  finer  grained,  more  feldspathic/ 
faintly  amygdaloid  at  376-381.5,  there  is  a  little  copper;  at  396-400  the 
mottling  is  still  about  2  mm. 

It  seems  probable  that  here  there  is  some  disturbance,  especially  at 
333  and  consequent  repetition.  Pretty  surely  333-408  does  not  show 
the  top  of  the  bed,  nor  does  243-333  show  the  bottom.  There  may 
here  be  two  or  three  or  more  flows  with  marked  phenocrysts,  instead 
of  the  one  often  found  farther  south,  or  Belt  55  may  be  merely-  the 
lower  part  of  54  repeated.  This  I  am  really  inclined  to  think,  yet  it 
is  hardly  safe  as  yet  to  strike  out  a  number  and  the  thickness  corres- 
-ponding  from  the  column. 

56.  Sediment.     Red  sandstone  or  shale  the  Wolverine  No.  9?  (0) 

There  is  a  little  sandstone  at  408  and  again  a  little  below  411,  as- 
sociated with  a  fine  grained  well-marked  bottom  contact. 
Base  below  base  of  Kearsarge  conolotnerate  (752)  ft. 

"       "  AUouez  "  (3442)  " 

Cf.  (853)  from  Kearsarge  to  Wolverine  at  Wolverine,  (893)  at 
the  Arcadian,  689-750  at  the  Mandan,  825  at  M  7  S. 

57.  Ophite. 

Amygdaloid  d  2.  4 1 1  -41 5  (4) 

Poor. 
Trap  d  2.  415-442  (27)  (31) 

Base  below  base  of  the  Wolverine  sandstone  (31) 

At  418  and  427  mottles  1-2  mm.  and  2  mm. 

Cf.  at  the  Arcadian  d  2.178-262 

58.  Ophite.  (250)  (281) 

Amygdaloid  d  2.     442-445  (3) 

Amygdaloid  ill-defined  and  brecciated  with  epidote  seams. 

Trap  d  2.     -498  + =(43)? 

At  457  the  mottles  are  2  mm.  across 

This  we    assume   equals  8.42-314    letting   8.42=2.457,    because 
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elsewhere  .ve  find  a  very  heavy  trap  immediately  uinler  the  Wol- 
verine sandstone,  e.  g.  MamLan  6.239-649  M.  7.5.  S  58-333.  Cf. 
Arc.  Belt  68,  20.315-464. 


Central  tnine,  drill  hole  1.  562  feet  deep,  dip  66°  to  S.  18°  E.,  elevation  (about 
1291  A.  T.)  46  feet  above  datum.  This  is  probably  so  nearly  at  right  angles  to  the 
beds  that  no  correction  for  thickness  is  necessarj.  840  feet  horizontally  below 
drill  hole  2. 

1.  Ophite  (overburden?)  to  27  (27) 

2.  Breccia  d  1.     27  to  28  (1) 

3.  Melaphyre  d  1.     28  to  43  (15) 

4.  Amygdaloid  d  1 .     (43-51)  and 

Ophite  d  1.     -67 -t-?  (24) 

The  amygdaloids  above  and  below  are  scoriaceous;  at  62  feet  there 
is  a  1  to  2  mm.  mottling. 

5.  Confused  scoriaceous  conglomerate  and  green  epidotic  sandstone 
with  sludge,     (d  1.     68-120)?  (52) 

At  88  feet  there  is  a  sludge  of  calcite  and  epidote;  at  S3  fine  grained 
trap;  at  97  epidote  and  copper;  at  108-112  a  fine  grained  white  banded 
sandstone  which  dips  against  the  drill  cores  2:8  so  that  the  dip  would 
appear  to  be  (90-66°+ 14°)  38°?  To  120  feet  remains  fine  grained 
sandstone,  and  it  occurs  frequently  in  the  next  few  feet  below.  I  take 
this  general  horizon  to  be  not  far  from  that  of  the  Wolverine  sand- 
stone No.  9. 

6.  Trap,  boulder  or  wedge  of  ophite?  d  1.     120-126  (6) 

7.  Sandstone  and  conglomerate,     d  1.     126-1 30 -t-  (4  +  ) 

126-130  sandstone,  the  conglomerates  with  red  scoria  and  green 
.sediment;  at  130  a  fine  grained  ophite;  at  138  a  fine  gi'ained  sediment 
again;  at  144  to  146  a  fine  grained  green  sandstone  full  of  very  fine 
copper;  at  146-151  a  fine  grained  trap;  at  151-153  a  fine  grained  green 
sediment  with  banding  at  6:8  (i.  e.  90°  —  37  °)  with  the  hole;  at  153  to 
158  trap  again;  158-160  green  sediment;  to  162  green  sediment  and 
amygdaloid;  to  166  trap  and  from  here  on  it  seems  to  be  a  normal 
ophite.  The  above  may  be  more  or  less  of  fissure  filling,  the  division 
is  quite  uncertain  and  resembles  d  8.     314  to  350. 

8.  Ophite,  etc.  d  1.     130-158  (28) 

9.  Ophite  with  green  sediment  and  amygdaloid  top.     Central  d   1. 
158-259  '  (101) 

It  is  suggestive  that  something  is  wrong  that  the  mottling  is  not  as 
coarse  as  it  should  be  for  a  bed  this  thick.  The  hole  may  have  gone 
astray.     W^e  have  at 

171,        178,        188,        190  to  208  coarsest  with  mottles  of 
1-2,  2,  2  mm. 

If  the  dip  of  the  beds  were  steeper,  say  60°  to  70°,  this  would  be 
quite  normal. 

From  244-246  brecciated  epidotic. 
10.     Ophite,  Avith  a  top  of  .scoria  and  .seilimont. 

d  1.     259-264  scoriaceous  amygdaloid  and  conglomerate 

d  1.  264-268  trap 

d  1.  268-272  scoriaceous  with  red  sediment 
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d  1.  272-282  amygdaloid 

d  1.  283-285  sediment 

d  1.  286-291  ophite  351  (92) 

11.  Sediment       d  1.     35^1-357  (3) 

12.  Melaphyre    d  1.     357-363  (6) 

13.  Ophite.      Amygdaloid    to  367 

Trap  to  371 

Fissured  somewhat  amygdaloid  to  385 
Ophite  growing  finer  to  314  (51) 

14.  Amygdaloidal  melaphyre,  d  1.    414-416  marked  amygdaloid 

-421  fine  grained  trap  (7) 

15.  Ophite  dl.     421-456 

A  red  amygdaloid  with  prehnite  seams  to  426,  then  more  compact 
and  at  445  faintly  ophitic. 

16.  Ophite  dl.     456-500  (44) 

Amygdaloid  d  1.     456-459 
459-461  Epidotic  seam,  more  or  less  amygdaloidal  to  446,  then  ophitic 
to  500  feet 

17.  Ophite.     Inclusion  bed?     d  1 .     50a  550  (50) 

d  1.  500-505  amygdaloid,   and  at  506,   511,  and   515   to   522  more 
amygdaloid  streaks,  and  at  529  a  curious  amygdaloid  seam  or  bomb. 

18.  Ophite,  beginning  with  scoriaceous  amygdaloid. 

d  1.     550-555  (3  +  ) 

The  fuller  descriptions  of  P.  S.  Smith  follow.     Most  of  the  descriptions  are  brief 
and  it  may  be  well  to  give  detailed  descriptions  of  this  one  set. 


Examination  of  Central  mine  drill  cores,  Hole  Xo.  1,  by  Phillip  S.  Smith.^ 

Label  on  Box,  Hole  No.  1.  u  to  112  feet.     Stencil  number  No.  1. 

The  rock  saved  by  the  drill  is  a  dark  brown,  moderately  coarse  grained  trap 
showing  some  alteration  and  decomposition  of  the  various  constituents.  Chlorite 
in  small  quantity  is  present.  Following  this  is  a  gravelly  sand  which  looks  as 
though  it  might  have  been  produced  by  rock  very  similar  to  the  above,  the  larger 
fragments  showing  the  same  brownish,  red  trap  characters.  Calcite  is  seen  also 
to  be  present  in  this  sand.  The  lower  end  of  this  portion  from  the  surface  to  27 
feet  is  represented  by  a  particularly  brecciated  sort  of  rock,  in  which  there  is  a  con- 
siderable amount  of  epidote.  The  trap  fragments  which  constitute  part  of  this 
breccia  are  of  a  reddish  color  and  portions  of  the  trap  show  a  considerable  number 
of  small,  rather  regular  amygdules.  These  trap  and  amygdaloid  fragments  are  seen 
to  be  abundant  in  a  matrix  of  a  lighter,  reddish  color  which  on  fresh  fracture  appears 
as  a  lightish  gray  colored  rock.  The  trap  fragments  are  irregular  in  outline  and 
the  corners  are  sharp  and  angular. 

27  to  28.  The  rock  consists  of  a  breccia  the  same  as  that  previously  described 
with  the  exception  that  the  amygdaloidal  fragments  are  much  more  scarce.  The 
trap  fragments  are  extremely  angular  and  are  surrounded  by  the  same  bluish  gray 
matrix.  This  matrix  in  one  instance  has  apparently  split  one  of  the  trap  pebbles 
in  two  and  appears  like  a  little  sandstone  vein  in  the  drill. core.     Following  this 


iThe  term«  horizontal  and  vertical  as  used  of  veins  in  this  paper  refer  to  the  attitude  with 
re.=pect  to  the  core.  Thus  a  hrrizrntal  vein  is  understood  to  mean  a  vein  parallel  with  the 
shorter  axis  of  the  core,  thus  running  at  right  angles  to  the  direction  of  the  drill  hole  and  par- 
allel with  the  formation.  B.v  vortical  vein  we- mean  a  vein  cutting  the  drill  core  parallel  with 
its  longe.'-t  axis,  thus  being  iSarallel  with  the  plane  of  the  drill  hole. 
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breccia  is  a  dark,  reddish-brown  trap  with  ball-like  segregations  of  chlorite.  These 
balls  of  chlorite  separate  out  from  the  ground  mass  on  fracturing.  Ctoss  section 
of  one  of  these  chlorite  aggregations  shows  in  the  center  laumontite  surrounded  by 
chlorite. 

28  to  29.  This  is  the  same  sort  of  rock  as  the  preceding,  with  the  exception  that 
the  bunches  of  chlorite  are  less  evenly  dispersed  throughout  the  mass  and  at  the 
base  the  rock  becomes  more  solid  trap  and  free  from  this  pseudoamygdaloidal 
character. 

29  to  31.  Practically  the  same  kind  of  rock  as  the  latter  with  the  bunches  of 
chlorite  sparingly  scattered  throughout. 

31.  Three  veins  of  a  chloritic  mineral  intersect  at  varying  angles  from  nearly 
horizontal  to  nearly  vertical.  The  rock  has  practically  the  same  character  as  the 
preceding  with  the  bunches  of  chlorite  becoming  less  frequent. 

31  to  33.     Shows  a  decreasing  amount  of  chloritic  material  throughout  the  series. 

33  to  43.  Practically  the  same  as  preceding,  the  amount  of  chlorite  in  bunches 
varying  greatly  in  different  portions  of  the  core.  The  color  also  varies  somewhat 
but  for  the  main  part  keeps  its  characteristic  reddish  brown  iron  stained  character. 

43  to  48.  A  breccia  much  the  same  as  the  one  occurring  at  27  feet,  consisting  of 
reddish  brown  trap  fragments  held  in  a  bluish-graj ,  sandy  ground  mass.  There 
is  a  considerable  amount  of  calcite  present  in  the  trap,  both  as  filhng  for  small 
amygdules  and  as  veins.  The  contact  between  the  two  is  very  rough  and  irregular. 
If  the  core  portion  is  a  sandstone  it  has  been  considerably  baked  by  the  presence  of 
the  trap.  The  texture  of  the  sandstone  is  very  fine  grained.  The  character  of 
the  grain  or  its  structure  can  not  be  determined.  Chlorite  is  present  to  some  ex- 
tent in  the  trap  fragments.  Near  the  bottom  of  this  member  there  is  a  distinctly 
chloritic  band  of  an  inch  or  so  in  width  which  occurs  at  an  angle  of  about  45°  with 
the  core.  The  contact  of  this  with  the  reddish  trap  which  is  adjacent  to  it  is  out- 
lined by  a  thin  film  of  calcite  along  it  and  the  walls  of  the  trap.  This  abundance 
of  chloritic  material  persists  nearly  to  48  feet  where  the  rock  again  becomes  very- 
similar  to  that  from  30  to  43  feet,  i.  e.,  it  is  a  reddi&h-brown  trap  with  scattering 
bunches  of  chlorite  throughout.  Some  of  these  chloritic  masses  also  contain  calcite 
of  an  earlier  origin.  Small  veins  of  calcite  ramify  out  from  these  bunches.  Speci- 
men No.  1  from  this  locality  shows  a  small  brecciated  face  to  be  about  a  quarter 
of  an  inch  in  diameter  which  is  of  a  lighter  color  than  the  enclosing  rocks.  This 
portion  is  somewhat  more  porous  than  the  hard,  even  textured  trap  on  both  sides. 
In  this  lighter  colored  portion  are  fragments  of  the  wall  rock  from  both  sides.  These 
fragments  are  very  angular.  Separated  from  this  small  brecciated  band  by  several 
inches  of  a  reddish  trap  already  described  is  another  band  also  of  brecciated  material. 
The  main  fragments  here  consist  of  the  amygdaloidal  fragments  of  trap  and  a  con- 
-siderable  amount  of  calcite  and  epidote.  Conspicuous  in  this  fragmentary  core  is 
an  amygdaloidal  pebble  which  shows  a  coating  of  epidote  around  which  is  calcite. 
This  may  possibly  be  looked  upon  as  amygdular  filling.  Drusy  cavities  occur  in 
the  chlorite  portion  which  contain  small  indeterminate  crystals.  The  rock  below 
this  becomes  again  a  fine  grained  reddish  trap  but  tlie  xhloritic  masses  are  not 
nearly  so  abundant  and  the  principal  amygdules  seen  are  filled  with  calcite.  Some 
chlorite,  however,  is  present.  Separated  from  the  preceding  bed  by  presumably 
the  same  distance  that  separated  that  band  from  the  preceding,  is  another  brec- 
ciated band  in  which  the  characteristics  are  very  much  the  same  as  those  seen  in 
the  preceding;  the  cement  in  this  case,  however,  is  more  of  a  calcific  material  and  the 
appearance  of  the  rock  leads  to  the  belief  that  it  is  more  of  the  type  of  vein  breccia 
than  igneous  breccia.     Underlying  this  breccia  again  occurs  reddish  brown  trap 


278  KEWEENAW    SERIES    OF    MICHIGAN. 

with  a  fair  amount  of  chlorite  and  more  amygduk's  filled  with  calcite.  ^'ein.s  fillcti 
with  calcite  also  irregularly  intersect  the  mass. 

50  to  53.  At  50  occurs  a  very  reddish  trap  with  numerous  bunches  of  chlorite 
which  stand  out  in  prominent  distinctness  against  the  red  back  ground.  There  is 
also  running  through  this  reddish  portion  a  greenish  gray  fine  grained  rock  whose 
exact  character  is  indeterminate.  It  irregularly  intersects  the  reddish  trap  and  the 
contact  between  the  two  shows  numerous  filaments  of  the  greenish  gray  rock  pene- 
trating into  the  reddish  brown.  Hor.ses  of  the  reddish  brown  are  also  included  in 
the  greenish  gray  material.  This  gray  rock  appears  to  be  similar  to  the  greenish 
gray  matrix  of  the  breccia  described  near  27  feet.  This  band  is  presumably  about 
six  inches  wide  and  is  followed  by  a  series  of  traps  exhibiting  much  the  same  cliar- 
acler  as  the  preceding  traps.  Bands  of  chlorite,  however,  do  not  appear  to  be  as 
large  as  the  former. 

53  to  58.  The  rock  becomes  somewhat  less  reddish  than  the  preceding  near  the 
top  and  the  cores  are  not  in  a  much  better  state  of  preservation  and  the  grain  of 
the  rock  becomes  slightly  coarser.  About  in  the  center  of  this  member  the  chloritic 
bands  more  or  less  completely  disappear  and  the  rock  is  much  coarser  grained  al- 
lowing the  determination  of  some  of  the  constituent  minerals  but  the  rock  .shows 
considerable  decomposition  and  the  core  reserved  is  quite  broken  up  and  remains 
only  in  small  fragments.  Towards  the  base  it  takes  on  a  pseudoamygdaloidal 
structure  for  a  few  inches  in  which  the  amygdules  are  filled  for  the  most  part  with 
chlorite  and  laumontite.  Some  calcite  also  appears  and  the  area  in  which  these 
amygdules  are  the  most  frequent  is  seen  to  be  heavily  charged  with  epidote  and 
chlorite. 

58  to  66.  A  dark  moderately  fine  grained  trap  with  a  few  chloritic  bunches. 
Rock  intersected  by  numerous  small  fragmentary  veins  of  laumontite.  In  portions 
the  chlorite  has  been  altered  into  an  iron  compound  which  gives  the  reddish  blotched 
appearance  to  the  core. 

66  to  68.  About  the  same  as  preceding  of  slightly  more  reddish  character.  The 
base  of  this  is  represented  by  a  sand  which  is  too  finely  comminuted  to  make  out 
the  various  minerals,  but  which  has  a  very  distinctly  iron  stained  appearance  giving 
it  quite  a  red  color. 

68  to  78.  At  the  very  top  of  this  member  is  an  amygdaloidal  trap,  the  amygdules 
being  rather  small  and  filled  for  the  most  part  with  a  chloritic  material.  There 
appears  to  have  been  some  brecciation  in  this  case  and  the  matrix  which  cements 
the  various  fragments  together  is  of  a  lighter  gray  color  than  the  trap  fragments 
already  mentioned.  There  is  a  considerable  amount  of  chlorite,  not  only  in  the 
form  of  amygdules  but  also  apparently  in  the  lighter  colored  portion  of  the  rock. 
Below  this  is  a  small  band  of  dark,  very  massive  trap  of  such  fine  grain  that  the 
various  minerals  are  not  distinguishable,  which  is  followed  by  another  brecciated 
band  about  the  same  as  the  preceding  with  a  considerably  greater  amount  of  chlorite 
than  that  one.  The  cavities  in  the  amygdaloidal  portion  are  filled  with  quartz  and 
calcite.  The  ground  mass  of  the  amygdaloidal  fragments  is  of  a  very  reddish  color. 
This  band  is  about  4  or  5  inches  in  width  and  is  followed  by  a  dark  massivC;  slightly 
greenish  band  with  some  chlorite  which  in  many  instances  has  been  altered  to  an 
iron  mineral  and  appears  as  a  reddish  stain  upon  the  rock.  Succeeding  this  is  a 
reddish  brown  trap  with  bunches  of  chlorite  and  sometimes  calcite.  This  rock  has 
about  the  same  color  as  the  fragments  in  the  amygdaloid.  There  is  a  considerable 
amomit  of  epidote  and  chlorite  (principally  the  latter),  present,  and  the  whole  series 
for  a  couple  of  feet  shows  more  or  less  of  the  brecciated  character,  and  the  filling  in 
manj  cases  between  the  separate  fragments  is  made  up  of  greenish  chlorite.  In 
many  places  the  rock  becomes  distinctly  epidotic  or  chloritic  and  this  is  the  only 
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iiiinenil  seen  in  may  instances.  The  portion  represented  by  this  extremely  ej)idotic 
part  is  perhaps  eight  inches  in  width.  It  is  followed  by  a  reddish  brecciated  band 
and  then  occurs  some  more  epidotic  rock  for  another  foot.  This  in  turn  is  again 
followed  by  a  reddish  brown  trap  moderately  fine  grained  and  then  comes  a  third 
band  of  epidote  of  less  width  than  either  of  the  two  preceding  ones.  This  member 
is  for  the  most  part  represented  by  small  fragments  from  68  to  78  feet,  showing  the 
fragmentary  character  of  the  rock  and  its  inability  to  stand  up  under  the  influence 
of  the  drill. 

78  to  88.  The  following  series  also  consist  of  much  broken  up  rock  and  the  drill 
cores  are  in  a  very  fragmentary  condition.  The  top  of  this  series  is  a  reddish  brown 
trap  with  the  usual  bunches  of  chlorite  present.  This  is  followed  by  reddish  sand 
and  fragments  up  to  81  feet  where  a  brecciated  rock,  consisting  of  fragments  of  this 
same  reddish  trap,  cemented  together  by  chlorite  and  calcite,  appears.  The  trap 
is  seen  to  be  broken  across  by  numerous  veins  of  calcite  which  may  completely 
separate  the  various  parts  of  a  single  fragment.  This  brecciated  band  contains  a 
good  deal  of  chlorite  also  and  is  succeetled  by  a  very  greenish  layer  composed  almost 
entirely  of  epidote  and  chlorite.  This  is  followed  by  another  breccia  band  and  this 
is  underlain  by  another  chlorite  band  which  is  of  considerable  thickness  and  al- 
ternates with  various  small  portions  of  trap.  This  chloritic  phase  extends  to  nearly 
88  feet;  in  portions  being  nearly  all  altered  epidote,  in  other  portions  showing  small 
brecciated  bands.  From  88  to  98  the  top  of  this  member  consists  of  a  much  brec- 
ciated band,  the  various  fragments  being  separated  from  each  other  by  chlorite 
and  calcite.  In  some  portions  there  are  drusy  cavities  in  the  chlorite  in  which 
small  quartz  needles  protrude.  The  calcite  seems  to  fill  amygdules  in  this  rock 
and  the  relative  age  of  the  two  minerals  is  rather  difficult  to  determine.  This  band 
extends  for  about  four  feet  and  is  then  underlain  by  a  dark  brown  trap  with  a  few 
small  bunches  of  chlorite.  The  bulk,  however,  of  the  chlorite  that  occurs  is  dis- 
seminated in  small  fragments  throughout  the  mass  or  does  not  appear  in  as  laro-e 
segregations  as  usual.  About  two  feet  from  the  bottom  of  this  member  occurs  a 
highly  epidotic  band  of  about  six  inches  in  width  which  is  underlain  by  dark  brown- 
ish trap. 

99  to  106.  About  the  same  as  the  preceding  and  with  the  amount  of  chlorite 
somewhat  greater  and  collected  together  in  larger  bunches  in  the  mass.  The  texture 
of  this  rock  is  moderately  fine  grained  and  the  various  members  are  not  easilv  dis- 
tinguished with  the  exception  of  the  chlorite.  ^Veins  of  calcite  intersect  this  member 
in  small  number.  At  about  101  feet  occurs  a  greenish  chloritic  rock  with  glittering 
faces  of  what  is  presumably  calcite  throughout  it.  The  epidotic  portion  is  represent- 
ed by  the  core  as  about  a  foot  in  thickness.  This  is  followed  by  a  rock  much  the 
same  as  the  preceding  but  with  the  chlorite  in  the  upper  portion  in  much  greater 
excess  than  the  former.  The  rest  of  this  section  is  represented  by  comminuted 
fragments  principally  in  the  shape  of  sand  which  are  barely  determinable.  The 
color  of  the  sand  is  for  the  most  part  a  brown,  earthy  color  but  it  is  in  too  small  a 
state  of  subdivision  to  determine  the  various  minerals. 

106  to  112.  A  small  band  of  chloritic  material  up  to  an  inch  or  so  in  width  fol- 
lowed by  a  brownish,  much  decomjjosed  trap  with  some  occasional  bunches  of 
chlorite.  Following  this  nearly  to  the  bottom  of  the  member  is  a  series  of  fine 
grained  rocks  which  contain  a  considerable  amount  of  epidote  scattered  with  great 
evenness  throughout  the  mass.  This  portion  seems  to*  show  a  distinct  stratifica- 
tion which  is  due  to  a  color  banding  depending  upon  the  amount  of  iron  present 
and  the  state  of  concentration  with  which  the  epidotic  portion  occurs  and  the  so- 
called  bands  of  stratification  occur  at  a  slight  angle  with  the  core,  the  angle  of  in- 
tersection varying  considerably  in   different    specimens.     Tliis  member  is  cut  by 
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numerous  calcite  veins  of  small  size.  The  extreme  bottom  of  this  hole  is  made  up 
of  a  dark  fine  grained  trap  with  bands  of  chlorite.  The  trap  has  a  slight  bluish  to 
purplish  cast  and  contains  quite  a  considerable  amount  of  calcite.  Calcite  also  is 
seen  in  small  hair-like  veins  intersecting  the  ground  mass.  As  a  whole,  all  the 
cores  from  this  hole  have  been  very  much  broken  up  and  many  of  them  in  the  shape 
of  sand.  This  may  be  due  to  the  closeness  to  the  surface,  and  is  also  in  large 
part  probably  dependent  upon  the  brecciatcd  and  fragmentarj^  character  of  many 
of  the  members  of  the  series. 


Label  on  Box,  Hole  1,  112  to  209.     Stencil  number,  No.  2. 

112  to  122.  A  grayish  epidotic  rock  very  similar  to  the  one  just  preceding  but 
not  showing  any  of  the  stratification  noted  in  the  last.  This  extends  for  about  a 
foot  and  a  half  and  is  then  followed  by  a  dark  very  fine  grained  trap  with  consider- 
able amount  of  chlorite.  This  chlorite  has  in  many  instances  been  rubbed  and  the 
rock  looks  as  though  there  had  been  some  slickensiding  through  it.  The  bunches 
of  chlorite  are  very  irregular.  This  extends  for  about  a  foot  and  a  half  and  then 
comes  another  chloritic  or  epidotic  layer.  On  fresh  fracture  this  rock  shows  areas 
of  strong  chloritization  followed  by  darker  layers  in  which  there  is  not  such  an 
abundance  of  chlorite.  The  whole  appears  to  show  but  slight  tendency  towards 
stratification  as  represented  on  cross-fracture.  This  stratification  is  seen  to  be 
due  to  the  amount  of  epidote  present.  This  yellow  epidote  band  is  rather  thin  and 
is  followed  by  a  brecciated  band,  the  fragments  of  which  are  shown  in  an  epidotic 
matrix.  Succeeding  this  is  a  dark,  very  close,  fine  grained  trap  with  some  large 
calcite  faces  gleaming  in  cross-section.  The  sand  from  this  rock  is  of  a  reddish 
color  and  much  iron  stained.  Towards  the  base  of  this  member  the  trap  becomes 
more  dark  colored  and  the  bands  of  chlorite  somewhat  increase  in  size. 

122  to  132.  The  upper  portion  of  this  rock  consists  of  a  brownish  trap  with  a 
considerable  amount  of  chlorite  scattered  through  the  ground  mass  as  well  as  ap- 
pearing in  local  segregations  of  that  mineral.  This  is  followed  by  a  greenish  epidotic 
layer  of  two  to  three  feet  in  thickness  in  which  the  epidote  is  seen  to  have  been  con- 
siderably altered  towards  a  chlorite  and  to  be  in  large  part  associated  with  calcite. 
'The  lower  portion  of  this  epidotic  band  runs  into  a  brecciated  portion  which  shows 
the  same  characteristics  as  many  of  the  breccias  previously  described.  The  trap 
fragments  included  in  this  breccia  are  of  a  reddish  color  rather  darker  colored  in 
the  center  than  near  the  contact  with  the  epidote.  The  epidote  occurs  for  the 
most  part  as  a  matrix  which  holds  the  trap  fragments.  Calcite  is  also  sparingly 
found  throughout  this  portion.  The  epidote  has  numerous  drusy  cavities  in  which 
perfect  crystal  forms,  both  of  quartz  and  epidote,  are  frequently  noted.  This 
brecciated  band  is  about  two  feet  in  thickness  and  is  followed  by  a  small  amount  of 
epidotic  trap  which  has  a  reddish  green  color  due  to  the  presence  of  the  amount  of 
epidote  which  is  evenly  distributed  throughout  this  mass.  Following  this  is  a 
dark,  moderately  coarse  grained  trp,p  which  is  succeeded  by  a  lighter  greenish  gray 
sandstone-like  rock  which  shows  slight  evidence  of  stratification.  The  contact 
between  this  part  and  the  trap  is  seen  to  be  very  irregular,  the  trap  entering  it  in 
irregular  apophyses.  The  direct  contact  between  these  two  members  is  marked 
by  a  reddish  decomposed  iron  band  which  brings  out  the  contact  very  prominently. 
The  color  of  the  underlying  rock  is  considerably  influenced  by  the  amount  of  epidote 
which  is  present.  Small  secondary  calcite  faces  appear  in  the  lower  part.  This 
band  is  relatively  thin,  not  exceeding  two  or  three  inches  and  is  followed  by  a  very 
dark  trap. 

132  to  142.     A  dark,  rather  fine  grained,  nearly  black  trap  with  few  minerals 
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distinguishable  in  core,  scattering  bands  of  epidote  present  in  the  hand  specimen. 
Thickness  of  this  about  tliree  feet.  Then  comes  a  narrow  band  of  epidote  asso- 
ciated with  some  bluish  gray  rock  previously  noted  in  other  breccias.  This  seems 
to  be  a  thin  brecciated  band  as  shown  by  the  presence  of  reddish  amygdaloidal 
pebbles  cemented  together  by  a  fine  matrix  of  epidote  and  this  gray  sandy  rock. 
The  epidote  occurs  also  in  a  band  about  an  inch  thick  cutting  obliquelj  across  the 
core,  then  followed  by  dark,  moderately  fine  grained  trap  similar  to  the  preceding 
for  about  two  feet  where  we  again  come  into  an  epidotic  horizon.  The  trap  at  this 
point  is  very  greenish  on  account  of  abundance  of  epidote.  In  certain  portions 
the  epidote  has  become  localized  into  large  bunches,  in  some  places  forming  the  "en- 
tire portion  of  the  core.  Tliis  is  succeeded  by  a  grayish  brown  trap  with  a  few  iron 
stains  which  probably  remain  pseudomorphic  after  some  altered  mineral.  Chlorite 
although  present  is  not  very  abundant.  The  bottom  of  this  member  is  marked 
by  the  presence  of  another  epidotic  band. 

142  to  154.  A  greenish,  heavily  impregnated  epidotic  rock  cut  by  small  veins 
of  calcite,  the  texture  of  the  whole  being  very  massive  and  breaking  with  a  sub- 
conchoidal  fracture.  Practically  the  only  mineral  distinguishable  throughout 
this  portion  is  the  epidote  and  its  alteration  product  chlorite.  This  is  followed  by 
a  dark  brown  trap  with  a  considerable  amount  of  dark  green  chlorite  present  in  large 
abundance,  lliis  chlorite  is  more  abundant  towards  the  top  of  the  series  than 
lower  down.  This  reddish  brown  trap  extends  for  about  ten  feet  and  is  then  fol- 
lowed by  another  epidotic  portion  to  the  bottom  of  the  member.  This  epidotic 
portion  is  in  all  respects  practically  similar  to  the  preceding  but  is  cut  by  numerous 
calcite  veins  as  well  as  a  brownish  vein  which  appears  to  consist  of  quartz  or  which 
may  be  calcite,  as  from  it  radiate  out  many  small  branch  veins  which  are  filled  with 
calcite.  There  seems  to  be  a  slight  color  banding  in  the  epidotic  portion  parallel 
to  this  brownish  part  which  intersects  the  core  at  an  angle  of  about  25°. 

154  to  162.  Gra>ish  green,  very  fine  textured  rock  in  which  the  structure  is  not 
evident.  The  rock  is  a  very  dense,  compact  one  and  has  been  cut  by  some  calcite 
veins  which  causes  it  to  break  into  angular  fragments.  The  thickness  of  this  band 
as  represented  by  the  cores  is  only  a  few  inches  and  it  is  succeeded  by  a  dark  brown 
trap  with  considerable  epidote  such  as  has  been  previously  seen  in  this  cross-section. 
This  trap  extends  for  a  couple  of  feet  and  then  is  succeeded  by  another  epidotic 
portion  which  extends  for  about  one  foot.  The  contact  between  this  epidotic 
portion  and  the  underlying  rock  is  represented  at  160  feet  by  specimen  No.  1.  The 
rock  in  contact  A\ith  the  epidotic  portion  is  an  amygdaloidal  rock,  the  amygdules 
being  of  rather  small  size  and  somewhat  irregular  outline.  Amygdules  filled  with 
calcite  and  laumontite.  Considerable  chlorite  is  present  in  the  amygdaloid.  The 
amygdaloidal  portion  is  seen  to  extend  into  the  trap  for  a  distance  of  about  one- 
half  to  three-fourths  of  an  inch  only.  Away  from  the  contact  the  rock  rapidly 
becomes  fine  grained  trap  with  a  few  scattered  bunches  of  chlorite. 

162  to  172.  A  very  dark  grained,  massive  rock  considerably  broken  up  as  rep- 
resented by  the  drill  cores,  containing  only  a  small  amount  of  chlorite,  towards  the 
base  becoming  somewhat  luster  mottled.  Its  poikilitic  character  is  seen  to  be  very 
fine  in  character,  the  small  luster  mottled  portions  being  only  a  fraction  of  an  inch 
in  diameter. 

172  to  190.  Trap  very  much  the  same  as  preceding,  slightly  coarser  grained 
with  a  dark  reddish  color  or  nearly  black  for  the  most  part.  The  luster  mottling 
is  distinctly  noticed  throughout  this  series  although  still  of  a  very  small  size.  The 
cores  representing  this  portion  of  the  whole  are  considerably  longer  and  stronger 
than  those  of  the  other  portions  but  still  the  rock  shows  a  decided  tendency  to  break 
up.     The  lower  portion  of  this  member  contains  somewhat  more  chlorite  than  the 
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upper  jmrt  but  is  consideraljly  more  broken  up  than  tlie  upper  j)ortion.  V'ein.s  of 
calcite  are  practically  wautinf^  in  thin  i)art  and  are  only  rarely  aeen  cutting  the  core 
at  a  rather  high  angle. 

190  to  20!^  Rock  practically  the  same  as  preceding  with  a  less  decidedly  black 
color,  approaching  nearer  to  a  reddish  brown.  The  upper  portion  of  this  series 
shows  the  same  luster  mottling  on  the  same  small  scale  throughout  all  the  cores. 
In  the  central  portion  of  this  member  the  rock  becomes  slightly  more  epidotic,  but 
the  epidote  appears  to  be  a  vein  cutting  across  the  formation.  In  some  instances 
there  is  a  large  amount  of  chlorite  anfl  parts  of  this  chlorite  appear  to  afford  a  slicken- 
side  surface. 


Label  on  box  Hole  No.  1,  210  to  299.     Stencil  number  No.  3. 

209  to  219.  A  dark  trap  somewhat  more  poikilitic  than  preceding  with  faces  on 
which  chlorite  appears  cutting  the  core  at  an  angle  of  about  4.5°  but  with  small 
amount  of  chlorite  otherwise  through  the  mass,  succeeded  by  lighter  brown  trap 
(showing  less  poikilitic  markings)  most  of  which  is  preserved  in  the  drill  record  merely 
as  sand.  This  sand  is  of  a  Hght  brown  earthy  color  in  which  the  fragments  are  seen 
to  be  of  practically  the  same  character  as  the  faces  of  the  rock  innnediately  above. 
Towards  the  base  the  poikilitic  structure  again  appears  rather  predominant  but  the 
size  of  the  mottling  is  rather  small.  The  trap  grades  tow  ards  the  base  into  a  darker, 
more  compact  trap  in  which  about  the  only  minerals  recognizable  are  the  cleavage 
faces  of  the  augite.  Chlorite  is  seen  abundantly  along  joints  on  the  face  of  this 
trap  and  towards  the  extreme  base  the  rock  takes  on  more  of  the  greenish  cast  due 
to  the  presence  of  the"  evenly  distributed  epidote. 

219  to  229.  A  somewhat  coarser  luster  mottled  trap  than  preceding  with  a  dark, 
nearly  black  color.  Considerable  calcite,  but  few  veins  of  calcite  were  seen 
cuttino-  the  mass.  On  fresh  fracture  the  augite  faces  are  about  the  only  minerals 
to  be  distinguished.  Chlorite  is  seen  abundantly  on  joint  faces  of  a  black  lustrous 
character.  Towards  the  base  of  this  member  the  sand  derived  from  this  rock  is 
of  the  same  greenish  cast  but  the  rock  still  appears  to  maintain  its  black  color. 
Chlorite  is  seen  abundantly  throughout  the  ground  mass  of  this  rock. 

229  to  230.  Rock  very  similar  to  preceding  but  with  the  luster  mottled  areas 
much  more  closely  crowded  together  and  of  smaller  size.  Seams  of  chloritic  material 
cut  the  rock  irregularly  in  all  directions.  Chlorite  is  also  seen  abundantly  through- 
out the  ground  mass.  Color  on  fresh  fracture  is  dark,  trap  rather  massive.  The 
sand  from  the  same  from  near  the  base  of  the  series  takes  on  a  much  lighter  color 
but  does  not  show  the  green  tint  noted  in  the  preceding.  Again  all  the  drill  record 
preserved  in  this  part  is  in  the  shape  of  sand  and  small  broken  up  fragments  of  core 
so  that  the  record  is  very  unsatisfactory  for  this  portion  of  the  whole. 

239  to  249.  A  greenish  much  more  epidotic  trap,  the  epidote  seeming  to  show 
rather  a  sharp  line  of  demarkation  from  the  preceding  trap.  The  sand  from  the 
same  is  of  very  greenish  color.  Veins  of  quartz  and  calcite  cut  the  bed  rock  and 
branching  strings  of  the  same  material  give  the  green  epidote  almost  a  brecciated 
appearance.  These  strings  -seem  to  radiate  out  in  all  directions,  in  some  cases  the 
vein  filling  enclosed  portions  of  the  green  epidotic  rock.  The  distinctly  epidotic 
portion  extends  for  about  three  or  four  feet  and  is  then  succeeded  by  a  dark  greenish 
trap  but  the  presence  of  epidote  is  plainly  to  be  noted  in  this  rock  and  shows  that 
it  owes  its  color  entirely  to  the  presence  of  this  mineral.  Small  amygdular  cavities 
are  noted  being  filled  with  calcite.  These  amygdules  have  a  regular  outline  and 
vary  considerably  in  size.     The  whole  mass  is  seen  to  be  cut  up  by  a  net-work  of 
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calcite  veins  which  as  a  general  rule  extend  [larallel  with  the  tonger  axis  of  the  core. 
This  epidotic  trap  extends  for  about  two  or  three  feet  and  then  the  amount  of  epi- 
dote  gradually  diminishes  and  the  trap  becomes  more  of  the  ordinary  dark  brownish 
variety.  Sand  from  this  portion  of  the  record  shows  a  reddish  iron  stained  char- 
acter. Bands  of  more  or  less  epidotic  trap  occur  throughout  this  part  separated 
from  each  other  by  bands  of  varying  thickness  of  a  reddish  to  a  brownish  trap.  Be- 
low the  epidotic  portion,  about  247  feet,  is  a  dark,  very  fine  grained,  massive  trap, 
nearly  black  in  color,  with  a  considerable  amount  of  chlorite  on  fresh  fracture. 
Succeeding  this  is  a  member  of  more  or  less  luster  mottled  trap  of  much  the  same 
character  as  the  preceding  portion  of  the  column.  The  luster  mottling  in  this  mem- 
ber is  of  rather  small  size  and  the  various  augite  crystals  are  closely  crowded  to- 
gether. Chlorite  is  abundantly  present  and  seems  to  show  that  some  slipping 
movement  has  taken  place  along  it  on  account  of  the  curving  and  striation  on  the 
surface.  Bunches  of  chlorite  occur  localized  throughout  this  member  but  for  the 
most  part  it  does  not  occur  in  the  bed  of  the  rock,  being  rather  limited  to  joint  faces 
and  planes  of  this  character. 

249  to  259.  The  upper  portion  of  this  member  consists  of  a  trap  of  a  general 
darkish  color,  the  sand  from  which  is  a  somewhat  lighter  rusty  brown  and  the  trap 
is  moderately  coarse  grained  and  shows  a  slight  luster  mottling.  The  luster  mot- 
tling is,  however,  very  small  in  size.  Towards  the  central  portion  of  this  part,  the 
mottling  becomes  somewhat  coarser  and  the  rock  is  of  a  much  darker  color  than 
the  preceding  and  individual  augite  faces  are  easily  distinguishable  and  the  whole 
mass  has  a  much  coarser  texture  than  the  upper  portion.  The  sand  from  this 
portion  of  the  bed  is  of  a  brownish  earthy  color  with  considerable  amounts  of  limo- 
nite,  probably  due  to  the  alteration  of  some  of  the  iron  constituents  throughout 
it.  Calcite  fragments  are  also  to  be  distinguished  in  the  sand;  some  chlorite  is 
present  throughout  the  cores,  but  it  is  seen  in  no  large  bunches.  The  amount  of 
luster  mottling  seems  to  locally  vary,  here  and  there  heavily  luster  mottled  bands 
being  separated  by  bands  much  less  poikilitic.  In  the  portions  which  do  not 
exhibit  the  luster  mottling  the  trap  is  seen  to  be  a  very  hard,  dense,  black  structure- 
less trap. 

259  to  268.  At  the  extreme  upper  portion  of  this  member  the  luster  mottled 
trap  gives  place  in  large  part  to  ordinary  trap  which  seems  to  show  considerable 
amount  of  irregular  color  banding.  Portions  of  this  dark,  rather  massive  trap  are 
seen  to  be  cut  by  a  lighter  colored  rock  which  cuts  it  in  irregular  apophyses.  A 
light  colored  rock  appears  in  No.  7  of  this  series  to  be  indurated  into  the  trap.  This 
light  colored  rock  is  a  very  dense,  massive  rock  showing  no  evidence  of  structure 
other  than  as  stated.  The  presence  of  this  lighter  gray  trap  has  in  some  instances 
given  the  darker  trap  the  appearance  almost  of  brecciation-but  they  seem  more 
like  small  dikes  or  veinlets  cutting  the  mass  than  true  breccia.  This  phase  only 
extends  for  a  foot  or  so,  and  then  is  succeeded  by  a  very  dark,  rather  massive  trap 
with  a  few  amygdules,  the  amygdules  being  filled  with  calcite  for  the  most  part. 
Very  irregular  blotchings  are  noted,  however,  on  the  shorter  core  which  are  filled 
with  chlorite.  Succeeding  this  portion  comes  another  band  very  similar  to  the 
preceding  and  showing  the  same  brecciated  appearance.  The  dark  trap  in  some 
cases  in  contact  with  the  lighter  rock  shows  amygdaloidal  cavities  near  the  contact 
and  becomes,  further  removed  from  it,  a  dark  massive  trap.  The  fragments  are 
rather  irregular  in  shape  and  show  sharp  corners.  This  phase  appears  to  persist 
to  264  feet,  where  it  is  underlain  by  a  dark  greenish,  nearly  black  trap,  with  con- 
siderable amount  of  chlorite  on  jointed  surface.  Some  chlorite  is  also  present  m 
irregular  bunches  throughout  the  mass.  On  the  upper  portion  of  this  member 
the  rock  seems  to  be  considerably  decomposed  and  the  minerals  on  the  joint  faces 
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exhibited  are  laumontite  from  which  Bmall  strings  of  calcite  radiate.  These  calcite 
veins  often  times  appear  to  be  also  in  the  form  of  gash  veins  and  some  of  them  ap- 
parently show  a  slight  off-set.  There  are  a  few  irregular  amjgdules  also  which 
are  filled  with  calcite. 

Near  the  lower  end  of  this  member  the  trap  becomes  somewhat  less  dark  in  color 
but  the  amount  of  chlorite  remains  about  the  same  and  is  easily  recognized  by  its 
black  shining  color  on  many  of  the  joint  faces.  Veins  of  calcite  frequently  intersect 
this  member.  At  the  extreme  bottom  of  this  member  the  rock  becomes  much 
more  greenish  and  is  cut  by  large  veins  of  calcite  and  laumontite.  Chlorite  is  abun- 
dantly present  throughout  this  portion,  both  in  regular  fragments  and  also  evenly 
distributed  throughout  the  ground  mass. 

268  to  278.  The  upper  portion  of  this  member  consists  of  a  somewhat  brecciated 
band  in  which  the  prevailing  color  is  a  reddish  brown.  Darker  fragments  of  a  some- 
what amygdaloidal  rock,  with  amygdules  filled  with  calcite  are  seen,  as  well  as 
fragments  of  a  dark  reddish  trap.  A  considerable  amount  of  calcite  in  small  par- 
ticles is  also  scattered  throughout  the  matrix  which  is  of  a  brownish  red,  sandy 
character.  The  thickness  of  this  bed  is  only  four  or  five  inches,  but  it  is  succeeded 
by  a  very  greenish  amygdaloid.  The  contact  between  the  amygdaloid  and  the 
breccia  looks  to  be  distinctly  an  igneous  one.  Masses  of  the  greenish  trap  are  in- 
cluded in  the  broun  breccia  and  fragments  of  a  brownish  rock  enter  a  greenish 
amygdaloid  in  many  irregular  apophyses.  The  filling  of  the  amygdules  of  this 
amygdaloid  consists  principally  of  quartz.  Almost  all  the  specimens  are  inter- 
sected by  numerous  wide  veins  of  quartz  with  a  general  direction  parallel  to  the 
longer  axis  of  the  drill  core.  The  thickness  of  this  amygdaloidal  band  is  somewhat 
under  six  inches  and  is  followed  by  a  brownish  red  breccia.  The  fragments  in  this 
breccia  appear  to  be  composed  for  the  most  part  of  irregular  masses  of  trap  which 
have  been  considerably  decomposed  and  altered,  the  result  being  a  decomposition 
of  the  iron  minerals  or  their  consequent  remains  in  the  shape  of  a  limonitic  stain. 
Calcite  is  also  abundantly  frequent  throughout  the  mass.  Small  veins  of  calcite 
radiate  out  from  the  larger  bands  of  the  same  mineral  promiscuously  cutting  the 
rock  in  all  directions.  The  texture  is  rather  even  and  somewhat  sandy.  On  fresh 
fracture  the  rock  has  much  the  appearance  of  an  amygdaloid  with  a  sandy  matrix 
separating  the  various  constituents.  The  thickness  of  this  member  is  8  to  10  inches 
and  then  a  brownish  green  amygdaloidal  rock  succeeds  it.  This  rock  has  a  con- 
siderable amount  of  calcite  as  a  filling  for  the  amygdules  and  also  some  small  hair- 
like  veins  cutting  the  rock  generally  in  its  longest  direction.  The  color  of  this  mem- 
ber varies  considerably  owing  to  the  decomposition  of  the  irons.  The  shape  of  the 
amygdules  is  rather  regular  but  the  amygdules  are,  all  of  them,  small  and  sparingly 
disseminated  throughout  the  specimen.  In  one  portion  a  band  about  one-half 
inch  wide  of  calcitic  material,  weathered  to  a  rusty  brown  color,  cuts  the  mass  at 
right  angles  to  the  drill  core.  Below  this  comes  a  dark,  nearly  black,  greenish  trap 
with  a  few  irregular  amygdules  of  calcite  in  its  upper  portion  and  also  a  large  amount 
of  chlorite  scattered  in  irregular  bunches.  The  calcite  seems  to  be  both  older  and 
younger  than  the  chlorite,  probably  marking  two  stages  in  the  development.  Lau- 
montite is  also  seen  on  joint  faces  cutting  the  rock.  The  calcite  appears  in  num- 
erous small  thread-like  veins.  Farther  away  from  the  contact  of  this  rock  with 
the  overlying  amygdaloid  the  rock  becomes  more  distinctly  a  fine  grained,  dark 
trap  with  few  amygdules,  and  grades  from  this  type  into  a  dark,  nearly  black,  some- 
what loosely  luster  mottled  trap.  The  luster  mottling,  however,  is  seen  to  be  rather 
in  the  form  of  local  stages,  being  sometimes  present  and  sometimes  almost  wanting. 
This  rock  is  a  reddish  brown  amygdaloid.  Amygdules  are  filled  with  calcite  almost 
entirely.     Small  veins  of  calcite  also  intersect  the  rock  at  a  slight  angle  to  its  longest 
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direction.  In  some  instances  the  amygdules  are  filled  with  chlorite  and  in  tliis 
instance  the  chlorite  seems  to  be  in  the  fonn  of  little  balls  which  on  breaking  the 
rock,  leave  the  matrix  and  stand  out  as  rounded  pellets  or  leave  bullet-like  depres- 
sions in  the  matrix.  At  about  274  feet,  the  rock  becomes  much  less  amygdaloidal, 
although  a  few  amygdules  of  small  size,  filled  with  calcite  still  persist.  The  rock 
has  become  somewhat  darker  colored  and  lost  much  of  the  reddish  cast  previously 
noted.  Veins  of  calcite  also  intersect  this  member  in  mucl\the  same  direction  as 
noted  in  the  preceding.  The  amygdaloidal  portion  dies  out  and  the  rock  becomes 
dark  greenish,  nearly  black  trap  with  considerable  chlorite  represented  on  the 
joint  faces,  and  also  scattered  in  irregular  masses  through  the  mass.  The  powder 
from  this  member  is  of  a  somewhat  lighter  color  of  a  dirty  earthy  brown  in  which 
a  few'  minerals  can  be  seen — specks  of  calcite  and  some  of  an  iron  silicate.  Under- 
lying this  is  a  very  massive  dark  greenish  amygdaloid.  The  filling  of  these  amyg- 
dules is  in  large  part  quartz,  although  some  calcite  is  also  present.  Plates  of  calcite 
also  glitter  throughout  the  ground  mass  of  this  amygdaloid.  Small  thread-like 
veins  of  calcite  are  seen  radiating  from  one  group  of  amygdules  into  another  and  the 
whole  system  seems  to  be  thus  connected.  This  amygdaloidal  portion  seems  to  be 
of  rather  small  width  as  represented  by  the  core,  not  being  over  a  couple  of  inches 
and  is  succeeded  by  a  breccia  in  Avhich  various  igneous  fragments  are  cemented 
together  by  a  brown  sandstone.  The  sandy  portion  consists  of  a  dark  brownish, 
somewhat  reddish,  very  fine  grained  massive  rock  which  is  impossible  to  determine 
on  cursory  examination.  The  fragments  included  in  this  consist  of  a  dark  reddish 
brown  trap  with  a  considerable  amount  of  chlorite  in  irregular  patches.  The  con- 
tact between  these  fragments  and  the  sandy  material  is  almost  perfectly  outlined 
by  masses  of  calcite. 

Reddish  traD  pebbles  are  also  present.  Where  apophyses  of  this  latter  have 
extended  out  into  the  sandy  material  there  seems  to  have  been  a  great  decom- 
position of  the  irons  and  there  is  a  little  halo  around  each  division  of  a  yellow  band 
extending  into  the  yellow  color  as  the  matrix.  This  portion  is  of  rather  small  ex- 
tent being  indicated  in  a  drill  core  as  merely  an  inch  or  so  in  length  occurring  at 
about  277  feet,  and  then  comes  an  amygdaloid  with  amygdules  filled  with  quartz 
of  somewhat  greenish  color,  but  sHghtly  more  reddish  than  the  preceding  amygda- 
loid. From  here  to  the  bottom  of  the  member  the  rock  is  a  trap  of  a  somewhat 
open  texture  with  amygdules  in  the  upper  portion  filled  with  calcite,  but  passing 
in  depth  into  a  less  amygdaloidal  portion  in  which  the  rock  is  a  greenish,  nearly 
brownish  black  fine  grained  trap.  Veins  of  calcite  frequently  intersect  this  member 
parallel  with  its  longest  axis.     Bands  of  chlorite  are  frequent  in  this  portion. 

278  to  288.  The  upper  portion  of  this  member  consists  of  a  breccia  very  similar 
to  those  previously  described  which  is  intersected  by  numerous  calcite  veins  of  small 
width.  The  fragments  seem  to  have  less  angular  outline  than  those  immediately 
preceding.  This  is  of  rather  small  extent  and  is  followed  by  a  dark  reddish  brown 
amygdaloid  in  which  the  filling  of  the  amygdules  is  for  the  most  part  of  calcite. 
Some  prehnite  is  also  present  and  chlorite  is  also  observed  in  small  quantity.  The 
shape  of  these  amygdules  is  rather  regular.  This  has  a  thickness  of  about  one 
and  a  half  feet  and  is  followed  by  a  dark,  rather  massive,  fine  grained  trap  with 
bunches  of  epidote  in  large  rounded  fragments.  Calcite  is  also  present  and  where 
present  is  seen  to  be  older  than  the  chlorite.  The. chlorite  exhibits  the  feature  so 
often  seen  of  splitting  out  of  the  matrix  and  leaving  impressions  in  the  shape  of 
spheroidal  dents  in  the  place  from  which  one  of  these  chloritic  balls  has  been  knocked 
out.  Calcite  is  also  sometimes  found  in  the  scattered  amygdules  which  occur 
throughout  this  mass.  In  character,  however,  the  rock  grades  in  depth  into  a  dark 
trap  with  very  few  amygdules.     At  about  2J-3  feet  the  record  is  represented  solely 
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by  a  brownish  red  colored  sand  which  is  of  such  fine  texture  lliat  it  is  impossible 
to  state  the  rock  from  which  it  is  derived. 

This  is  immediately  followed  by  a  greenish  sandstone  of  very  fine  texture.  This 
is  a  questionable  member  as  it  is  very  highly  charged  with  epidote  and  looks  very 
similar  to  some  of  the  felsites  which  were  found  near  the  location  of  the  United 
States  Mining  Companj .  The  contact  between  this  member  and  the  amygdaloidal 
portion  of  the  trap  which  is  not  connected  with  it  is  marked  by  a  reddish,  much 
iron  stained  zone  which  extends  from  the  trap  into  the  sandstone.  Veins  of  calcite 
are  seen  passing  from  the  trap  into  the  greenish  brown  rock  into  thread-like  forms. 
The  exact  contact  with  the  sandy  material  is  represented  by  a  thin  one-sixteenth 
of  an  inch  band  of  very  massive  trap.  Above  this  occurs  a  line  in  which  amyg- 
daloidal cavities  are  very  frequent.  Beyond  this  amygdaloidal  portion  the  rock 
appears  to  turn  into  a  greenish  chloritic  trap  which  we  have  previously  noted.  The 
sandy  portion  is  very  much  decomposed  and  many  of  the  former  minerals  are  repre- 
sented by  limonitic  deposits  throughout  this  mass.  No  evidence  of  stratification 
is  observable  and  it  seems  highly  probable  to  my  mind  that  it  is  in  realitj-  a  sand- 
stone. The  thickness  of  this  bed  is  only  about  six  to  eight  inches  and  the  lower 
contact  with  the  underlying  trap  is  represented  by  a  series  of  amygdules  oriented 
nearly  parallel  with  the  contact.  These  amygdules  seem  to  be  confined  not  only  to 
the  trap  but  also  to  extend  into  the  so-called  sandy  member.  The  amygdules  are 
filled  with  calcite  and  are  for  the  most  part  very-  small.  Underlying  this  member 
is  a  dark,  nearly  black,  rather  massive,  somewhat  decomposed  trap,  showing  al- 
most no  constituent  minerals  with  the  exception  of  chlorite.  The  core  preserved 
from  this  dark  trap  is  in  a  very  fragmentary  condition  and  shows  to  what  an 
extent  the  decomposition  had  proceeded. 

288  to  299.  In  the  upper  portion  of  this  member,  the  trap  becomes  somewhat 
lighter  although  still  of  a  very  dark  color.  The  texture  remains  about  the  same, 
very  fine  grained  rock  with  none  of  the  constituent  minerals  recognizable.  This 
portion  represents  various  phases,  in  which  there  is  a  more  or  less  decided  tendency 
towards  a  darker  color,  but  this  may  be  regarded  merely  as  local  stages  and  not  as 
being  of  any  particular  importance.  In  portions  of  this  rock  there  are  small  amyg- 
dules which  are  filled  with  calcite.  The  irregular  blotches  of  chlorite  which  occur 
throughout  thi^  whole  member  appear  to  have  been  contorted  somewhat  parallel 
to  the  length  of  the  drill  hole.  About  in  the  center  of  this  member  they  cut  a  small 
half-inch  band  heavily  impregnated  with  calcite  which  has  been  decomposed  into 
laumontite  or  possibly  some  of  the  zeolites. 

Throughout  this  whole  series  from  210  to  299  the  drill  record  has  been  very  frag- 
mentary, showing  the  rather  broken  up  character  of  the  rock.  The  drill  cores  are 
extremely  fragmentary,  .seldom  exceeding  a  couple  of  inches  or  so  in  length,  and 
much  is  simply  preserved  in  the  shape  of  sand. 


Label  on  Box,  Hole  No.  1,  299  to  342  feet.     Stencil  number,  No.  4. 

299  to  309.  A  brownish,  moderately  fine  grained  trap  with  some  bunches  of 
chlorite  of  small  size.  Rock  intersected  by  a  few  veins  running  at  right  angles 
which  show  laumontite  on  joint  faces.  Also  intersected  by  another  series  of  veins 
running  nearly  parallel  with  the  longer  axis  of  the  core.  Chlorite  is  often  seen  on 
joint  surface  and  some  serpentine.  Towards  the  lower  portion  of  this  member  the 
rock  becomes  more  dark  colored  and  slightly  coarser.  In  part  this  coarser  tex- 
tured trap  shows  slight  luster  mottling  but  the  luster  mottling  is  rather  small  in 
size  and  does  not  appear  to  be  continuously  distributed  throughout  the  member. 
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being  in  patches  here  and  there  separated  by  bands  of  a  grayish  brown  trap  before 
mentioned. 

309  to  317.  A  trap  much  tlie  same  as  preceding  but  with  a  sHghtly  more  greenish 
tint.  Luster  niottUng  is  api)arently  wanting  in  the  upper  portion  of  this  member. 
The  grain  is  rather  fine,  none  of  tlie  minerals  with  the  exception  of  chlorite  being 
recognizable.  Near  the  central  portion  of  this  member  there  is  a  four  inch  band  of 
more  distinctly  greenish  trap  which  is  very  fine  grained  and  shows  some  sparkling 
calcite  faces.  Below  this  portion  is  a  slightly  amygdular  part  with  rather  large, 
irregular  amygdules,  filled  for  the  most  part  with  calcite  but  with  some  epidote 
jussociated  with  it.  At  about  313  the  rock  becomes  much  coarser  grained  and  the 
luster  mottling  is  of  marked  appearance.  The  mottled  portions  stand  out  in  light 
color  against  the  darker  back  ground.  These  luster  mottled  portions  are  much 
larger  than  any  in  the  column  heretofore  described.  Just  below  this  central  luster 
mottled  portion  is  another  slight  amygdular  band,  amygdules  of  much  smaller  size 
and  inconsiderate  extent  filled  with  calcit.e.  Irregular  veins  of  calcite  intersect 
this  member  both  horizontally  and  vertically,  and  oftentimes  occur  so  close  to- 
gether that  they  have  broken  up  to  some  extent  the  country  rock,  leaving  it  in 
horses  surrounded  bj'  a  vein  filling.  This  luster  mottled  portion  has  a  much  more 
reddish  brown  tint  than  the  preceding  traps.  Towards  the  lower  portion  of  this 
member  the  luster  mottling  is  less  distinct  and  the  trap  is  represented  by  a  rather 
fine  grained,  very  dark  trap  with  a  few  small  cavities  filled  with  calcite.  Numerous 
radiating  veins  of  calcite  also  intersect  the  core.  Some  chloritic  bands  are  obser- 
vable on  the  polished  surface  of  the  core.  The  veins  of  calcite  which  intersect  this 
member  are  small  in  size,  rarely  being  much  more  than  a  hair's  width  in  thickness 
and  they  seem  to  cut  the  rock  in  all  directions  and  to  make  it  much  broken  up. 

317  to  327.  The  upper  portion  of  this  part  is  practically  the  same  as  the  preced- 
ing, some  laumontite  being  noted  on  joint  surface  or  vein  fillings,  followed  at  321. 
feet  by  a  dark  brown  amygdaloidal  rock,  the  amygdular  cavities  being  rather  of 
small  size  and  of  somewhat  regular  outline  filled  with  calcite  and  laumontite.  Cal- 
cite shows  an  alteration  to  the  latter  mineral.  Following  this  is  a  luster  mottled 
])ortion  consisting  of  a  dark  brownish  trap  of  moderately  coarse  grained  texture 
with  considerable  amounts  of  chlorite  present  in  various  sized  bunches  scattered 
irregularly.  The  abundance  of  the  chlorite  pre.sent  has  given  a  somewhat  greenish 
tinge  lo  the  rock.  Veins  of  calcite  are  also  noted  here  and  some  quartz  veins. 
Scatteringly  interspersed  through  this  member  occur  moderately  large,  rather 
regular  shaped  amygdules  filled  with  calcite.  The  veins  which  cut  this  member 
for  the  most  part  run  horizontally  with  the  core.  The  luster  mottling  is  seen  to 
be  more  or  less  of  a  localized  feature,  the  more  mottled  portions  being  separated 
by  bands  of  a  reddish  brownish  green  trap  already  described. 

327  to  337.  Much  the  .same  as  preceding  member  with  the  mottling  somewhat 
more  pronounced  than  in  the  former.  Veins  of  calcite  also  noted  intersecting  this 
member  nearly  parallel  with  the  longer  axis.  These  veins  also  carry  some  quartz. 
Originally  the  rock  was  rather  high  in  epidote  and  its  remnants  are  seen  through 
the  presence  of  chlorite  pseudomorphic  after  it.  Towards  the  center  of  this  member 
the  brownish  color  is  somewhat  less  marked  and  the  rock  becomes  of  a  decidedly 
more  greenish  color.  The  texture  and  general  characteristics,  however,  remain 
practically  the  same.  In  cross-section  some  of  the.se  cores  show  a  slight  tendency 
towards  banding  through  flow  structure.  In  the  lower  portion  of  this  member 
the  mottled  character  disappears  to  a  great  extent  and  on  fresh  fracture  shows  a 
larger  jjcrcentage  of  calcite  than  in  the  former  portions.  This  calcite  it  must  be 
understood  does  not  occur  in  the  form  of  veins  but  principally  as  .secondary  crystal 
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forms  in  the  ground  mass.  The  grain  becomes  sUghtly  coarser  towards  the  bottom 
and  almost  all  the  constituent  minerals  are  to  be  recognized. 

337  to  348.  The  upper  portion  of  this  horizon  consists  of  a  light  colored,  brown- 
ish trap  with  a  few  large  irregular  amygdules  filled  with  calcite.  This  portion  is 
also  considerably  cut  up  by  calcite  and  there  has  been  some  enrichment  of  the  ground 
mass  from  the  vein.  The  rock  has  a  distinctly  open  texture.  Small  segregations 
of  chlorite  are  rather  abundant  throughout  specimen.  The  iron  appears  to  have 
been  much  decomposed  and  their  remains  appear  as  reddish  blotches  on  the  mass. 
This  gives  a  somewhat  speckled  appearance  to  the  upper  portion  of  the  member. 
Below  this  the  rock  becomes  very  coarse  grained  and  shows  a  considerable  amount 
of  characteristic  diabase  minerals.  The  core  from  this  portion  becomes  much  more 
compact  and  less  broken  up.  Some  luster  mottling  is  also  present.  Towards  the 
central  portion,  however,  the  luster  mottling  is  not  nearly  so  marked.  The  speckled 
character  of  the  rock  is  largely  lost;  the  grain,  however,  remains  relatively  coarse. 
Chlorite  is  abundant  throughout  the  specimen,  but  veins  of  calcite  are  not  of  such 
common  occurrence.  At  about  346  there  is  an  amygdaloidal  portion,  the  amyg- 
dules of  rather  small  size,  in  a  dark,  decomposed  matrix.  This  rock  is  so  badly 
altered  that  only  a  small  portion  of  it  is  preserved  in  the  drill  record.  Presumably 
the  amygdules  are  filled  with  calcite  or  its  alteration  product,  laumontite.  As 
represented  by  the  core  this  member  only  consists  of  a  band  of  about  an  inch  in 
thickness.  This  member  is  immediately  succeeded  by  a  dark  greenish,  fine  grained 
trap,  but  this  soon  gives  place  to  rock  the  same  as  that  which  lay  above  it.  Very 
near  the  bottom  of  this  hole,  this  greenish  trap  showing  a  large  amount  of  chlorite 
and  serpentine,  is  cut  by  a  small  band  only  poorly  represented  on  the  core  of  a  red- 
dish, sandy  looking  rock,  much  the  same  as  the  matrix  of  the  breccia  which  occurred 
in  the  earlier  part  of  the  series.  The  contact  between  the  two  is  somewhat  irregular, 
portions  of  a  greenish  trap  projecting  rather  irregularly  into  this  sandy  portion. 
This  light  greenish,  brown  colored  rock  is  very  similar  to  the  felsite  already  noted 
from  near  the  United  States  mine.  The  extreme  bottom  of  this  member  shows 
another  band  similar  to  the  one  just  described,  but  separated  from  it  by  a  dark, 
very  much  decomposed  trap  of  moderately  fine  grain  in  which  the  individual  mem- 
bers are  not  separable.  This  is  cut  practically  parallel  to  the  longer  axis  by  calcite 
veins. 

348  to  357.  A  dark  trap  cut  by  veins  with  laumontite  on  surface  is  the  top  of 
this  member,  but  it  is  soon  succeeded  by  a  greenish  gray  amygdaloidal  rock,  the 
amygdules  in  this  instance  being  filled  with  quartz.  Veins  of  calcite  with  some 
quartz  filling  also  intersect  the  core.  The  amygdules  are  of  rather  small  size.  A 
large  amount  of  chlorite  is  present  and  in  the  bottom  of  this  portion  the  amygdaloid 
has  an  outer  envelope  of  epidote  w  hich  is  earlier  than  the  quartz  filling.  1  he  thick- 
ness of  this  band,  however,  is  rather  slight  and  is  immediately  succeeded  by  a  rock 
represented  in  the  drill  core  as  a  very  reddish  brown,  earthy  colored  sand.  The 
determination  of  the  original  character  of  this  sand  is  very  indefinite.  The  first 
fragments  which  are  large  enough  for  determination  in  this  amygdaloidal  part 
occur  at  351  feet  and  consist  of  a  dark  greenish,  rather  fine  grained  trap,  with  num- 
erous, rather  large  bunches  of  chlorite.  Veins  of  calcite  frequently  intersect  the 
mass.  The  bands  of  chlorite  have  given  a  somewhat  greenish  color  to  this  portion. 
There  is  then  a  very  much  decomposed,  much  iron  rusted  portion  of  a  reddish  brown 
trap.  This  shows  great  decomposition  and  affords  a  poor  basis  for  the  determina- 
tion of  original  characters.  There  is  a  small  band  of  greenish  epidotic  rock  repre- 
sented in  the  core  bj  about  an  inch  of  material  which  is  of  very  fine  grained,  even 
textured  rock,  showing  practically  no  other  constituents  than  epidote,  but  this  is 
followed  by  a  dark   much  decomposed  amygdaloid,  the  amygdules  being  filled  with 
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calcite  or  its  alteration  product,  laiimontite.  ITnderlying  this  at  about  354  feet 
and  extending  to  the  bottom  of  the  member  is  a  brownish  sandstone  with  the  strati- 
fication poorly  shown.  The  sandstone  contains,  in  part,  more  or  less  epidote,  which 
has  given  it  locally  a  very  greenish  color.  The  texture  of  the  mass  is  very  fine 
grained  and  remarkably  even.  Veins  of  calcite  intersect  the  mass  nearly  parallel 
with  the  cross-section  of  the  core.  The  lowest  portion  of  this  member  shows  the 
contact  of  this  brownish  sandstone  with  a  greenish  amygdaloidal  rock.  The  con- 
tact between  the  two  is  rather  even,  although  apophyses  of  the  green  amygdaloid 
extend  into  the  sandstone.  The  amygdules  are  for  the  most  part  rather  regular 
in  outline  and  are  filled  with  quartz. 

357  to  367.  This  brecciated  appearance  still  exists  in  the  upper  portion  of  this 
member  but  the  sandy  portion  is  much  less,  and  the  rock  has  distinctly  a  greenish 
amygdaloid  with  amygdules  of  small  size.  Most  of  the  amygdules  are  filled  with 
calcite  and  quartz.  The  rock  has  a  very  greenish  color  owing  to  the  large  amount 
of  epidote  present.  The  thickness  of  this  band  as  represented  in  the  drill  record 
is  not  over  a  foot  at  most  and  is  succeeded  by  a  dark  greenish  gray,  luster  mottled 
trap.  This  trap  contains  a  large  amount  of  chlorite  scattered  in  rather  regular 
bunches,  irregularly  throughout  the  mass.  A  few  very  small  scattered  amygdules 
filled  with  calcite  are  also  to  be  noted  in  the  upper  portion  but  the  amygdular  mem- 
ber of  the  portion  rapidly  fades  into  a  dark,  fine  grained  trap  with  few  of  the  con- 
stituent minerals  recognizable.  Chlorite  is  abundantly  present  throughout  this 
upper  portion.  The  luster  mottled  phase  is,  as  usually  occurs  in  rather  localized 
bands,  separated  by  portions  not  so  conspicuously  luster  mottled.  This 
phase  extends  to  about  364  feet,  where  the  rock  passes  into  a  reddish  brown 
amygdaloid  much  iron  stained  on  weathered  surface.  On  fresh  fracture  this  rock 
is  seen  to  be  a  dark  brown  one,  with  the  amygdules  filled  both  with  calcite  and  quartz, 
but  the  calcite  has  in  large  part  been  altered  towards  laumontite.  Later  than  the 
calcite  filling  of  the  amygdules,  some  chlorite  has  been  introduced.  Veins  of  cal- 
cite intersect  the  mass  and  radiating  out  from  these  veins  are  numerous  small  frag- 
mentary veins  which  seem  to  lead  to  the  various  amygdules  and  connect  one  amyg- 
dule  with  another.  This  upper  layer  shows  numerous  brecciated  faces  with  the 
same  characteristic  brownish  sandy  rock,  cutting  diagonally  through  the  core. 
Near  the  contact  between  these  two  members  the  amygdaloid  is  seen  to  have  its 
amygdules  more  abundantly  dispersed  near  the  contact  of  the  two  formations.  A 
reddish  brown,  iron  stained  horizon  also  makes  the  line  of  contact  more  prominent. 
The  sandstone  is  very  fine  grained  and  compact.  As  represented  in  the  drill  coVe 
this  phase  does  not  extend  more  than  a  few  inches.  The  best  example  of  this  may 
be  seen  in  cores  363  to  367,  No.  12.  Also  down  in  this  amygdaloid  the  color  changes 
from  the  brownish  iron  stained  character  of  the  upper  portion  to  a  more  dark  colored 
ground  mass.  The  amygdules  here  are  for  the  most  part  filled  with  quartz.  At 
the  very  base  of  this  series  the  amygdaloid  gradually  dies  out  and  is  present  in  a 
dark  brownish,  slightly  amygdaloidal  trap,  the  amygdules  in  this  trappean  portion 
being  very  small  in  size  and  of  not  great  abundance. 

367  to  380.  The  upper  portion  is  a  dark  reddish  brown,  slightly  amygdaloidal 
trap  about  the  same  as  at  the  bottom  of  the  last  portion  described.  Abundant 
irregular  masses  of  chlorite,  the  irons  somewhat  weathered,  giving  the  rock  a  rusty 
speckled  appearance.  This  is  succeeded  at  370  by  a  much  coarser  variety  of  the 
same  rock,  showing  also  slight  luster  mottling.  At  371  this  grades  into  a  dark 
greenish,  fine  grained  trap  with  scattering  amygdules  filled  with  qviartz,  nuich  cut 
up  and  intersected  by  calcite  veins.  In  the  thin  faces  there  has  been  a  considerable 
development  of  chlorite.  A  few  scattered  amygdules  of  rather  regular  outline  are 
also  noted  throughout  this  portion.  At  about  375  this  fine  grained  rock  gives 
37 
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place  to  a  somewhat  coarser,  dark  greenish  trap,  with  a  considerable  amount  of 
chlorite  in  this  portion;  however,  amygdules  are  sometimes  found  filled  with  calcite 
and  some  chlorite.  A  much  decomposed  band  has  passed  through,  presumably 
of  the  same  character,  and  then  to  the  bottom  of  this  member  the  rock  remains  a 
dark  grayish,  somewhat  greenish  trap  with  a  slight  tendency  towards  luster  mot- 
tling. 

380  to  392.  Upper  portion  of  this  member  consists  of  a  greenish  amygdaloid, 
the  amygdules  filled  with  quartz.  Laumontite  is  also  present  as  an  alteration  of 
the  calcite  which  also  sparingly  occurs.  There  is  a  large  amount  of  chlorite  present 
which  is  seen  both  in  the  amygdules  and  also  evenly  disseminated  througliout  the 
rock,  giving  it  a  somewhat  banded  greenish  character.  Some  of  these  amygdules 
still  have  open  cavities  in  the  central  portion.  The  amygdaloidal  portion  of  this 
rock  shows  considerable  variation  between  the  amygdaloid  and  trap,  the  more 
amygdular  horizons,  being  separated  from  each  other  by  bands  of  trap  in  which 
amygdules  are  relatively  rare.  At  about  385  feet  the  rock  becomes  much  more 
reddish  brown  than  preceding  portion,  the  amygdules  are  much  more  scattered 
and  those  amygdules  filled  with  calcite  and  quartz  are  of  large  size.  The  lowest 
portion  of  this  amygdaloid  ends  at  about  386  feet  and  is  a  greenish,  fine  grained 
amygdaloid  with  some  rounded  bullet  shaped  particles  of  chlorite,  which  on  fracture 
leave  the  rock  and  stand  out  in  nodular  projection.  The  central  portion  of  this 
member  shows  a  few  much  scattered  amygdules  filled  with  calcite  and  quartz,  but 
the  most  abundant  mineral  throughout  it  is  a  chlorite  which  occurs  in  small  local 
segregations  throughout  the  whole  mass.  At  389  feet  this'  amygdaloidal  portion 
entirely  vanishes  and  to  the  bottom  of  this  member  the  rock  remains  a  dark  green- 
ish, moderately  coarse  grained  trap  showing  in  portions  a  somewhat  luster  mottled 
character.  The  chlorite  is  still  abundantly  present,  both  sparsely  disseminated 
throughout  the  ground  mass  in  irregular  bunches  and  also  as  a  coating  upon  the 
joint  faces  which  intersect  generally  nearly  horizontally  these  cores. 


■Label  on  Box  No.  1,  393  to  470  feet.     Stencil  number  on  box,  No.  5. 

392  to  393.  A  dark  greenish  trap  with  considerable  amount  of  alteration  towards 
a  chloritic  material. 

393  to  401.  A  dark  luster  mottled  trap  yielding  a  good  core.  This  rock  is  a 
moderately  coarse  grained  diabase  with  many  of  the  constituent  minerals  recog- 
nizable in  the  hand  specimen;  contains  a  few  bands  of  chlorite  scattered  irregularly 
throughout  core.  Towards  the  base  of  this  member  the  trap  is  seen  to  be  inter- 
sected by  a  few  seams  of  calcite  and  laumontite.  after  which  the  mottled  character 
of  the  rock  becomes  somewhat  less  distinct  and  the  fragments  of  core  are  consider- 
ably broken  up.  At  the  very  end  of  the  series  the  chloritic  bands  seem  to  be  some- 
what more  numerous  and  the  core  is  only  represented  by  small  fragmentary  chips. 

401  to  410.  This  is  a  very  massive  trap  of  moderately  fine  grain,  showing  a  con- 
siderable amount  of  chlorite  throughout  the  ground  mass.  This  member  shoAvs 
slight  luster  motthng  in  part  which  increases  with  depth.  The  cores  are  represented 
especially  well  by  fragments,  the  shortest  of  which  is  nearly  eight  to  ten  inches  in 
length,  showing  the  massive  character  of  the  rock.  On  fresh  fracture  the  rock  is 
seen  to  have  a  dark,  greenish  gray  color  with  augites  slightly  noticeable  in  cross- 
section.  At  the  base  of  this  member  the  trap  is  seen  to  be  somewhat  intersected 
by  calcite  veins  with  some  laumontite  also  on  surface.  The  extreme  base  of  this 
series  is  marked  by  much  smaller,  broken-up  cores. 

410  to  416.     The  trap  has  almost  entirely  lost  its  mottled  character  and  is  a  very 
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compact,  dense,  dark  rock  showing  such  a  moderately  fine  grained  structure  that 
the  individual  minerals  are  not  distinguishable  in  the  hand  specimen. 

This  member  is  very  much  the  same  as  the  last,  except  that  it  has  no  luster  mot- 
tled character.  The  amount  of  chlorite  distributed  through  these  cores  is  somewhat 
o-reater  than  any  before  noted  in  this  section  and  there  are  also  bunches  of  calcite. 
On  fragment  No.  7  of  this  same  series  we  come  into  an  amygdaloidal  belt,  with 
amygdules  of  rather  irregular  shape  filled  with  calcite.  The  amygdaloid  has  a 
general  purplish  gray  color.  In  specimen  under  examination  a  large  bunch  of 
epidote  altered  to  a  chlorite  is  seen.  There  is  a  somewhat  greenish  cast  given  to 
the  rock  on  account  of  the  presence  of  epidote.  Drusy  cavities  are  also  seen  in  which 
small  epidote  needles  appear  crystallized  out  into  the  cavity.  A  vein  of  calcite 
is  also  seen  intersecting  the  amygdules  as  though  of  later  origin.  Towards  the 
base  the  purplish  color  becomes  less  marked,  the  amygdaloid  becoming  consider- 
ably more  brown  and  the  amygdaloid  seems  to  be  fairly  well  consolidated  and  to 
hold  its  own  under  the  action  of  the  drill,  but  not  nearly  so  well  as  the  trap  cores 
represented  by  fragments  an  inch  or  so  in  length.  At  the  very  base  the  core  is  con- 
siderably more  broken  up  and  the  amygdules  become  less  and  less  scarce,  the  very 
lowest  portion  consisting  mainly  of  trap.  A  small  amount  of  laumontite  is  seen 
near  the  very  base  of  this  member. 

416  to  421.  A  moderately  coarse  grained  trap  on  exposed  surface  having  a 
brownish  color.  On  fresh  fracture  showing  distinctly  a  greenish  tinge  on  account 
of  amount  of  chlorite  present.  The  core  from  this  member  is  exceedingly  good  and 
in  long  fragments.  Bunches  of  chloritic  material  with  a  decided  envelope  of  calcite 
are  seen  at  certain  very  rare  intervals  throughout  the  length  of  this  column.  Veins 
of  calcite  and  laumontite  also  intersect  this  member,  some  of  them  occurring  at 
about  right  angles  with  the  long  axis  of  the  core.  At  the  bottom  of  this  member 
beds  become  very  fragmentary. 

421  to  426.  Rock  very  similar  to  preceding  with  the  exception  that  the  texture 
is  rather  less  coarse  grained  than  in  the  one  previously  described.  A  few  large,  ir- 
regular amygdules  of  calcite  are  seen  in  this  member  but  they  are  relatively  coarse. 
Near  the  base  of  this  member  the  rock  becomes  more  amygdaloidal  and  has  a  much 
more  reddish  color,  the  amygdules  are  scattered  sparingly  throughout  the  mass 
and  have  a  rather  regular  outline.  Amygdules  are  filled  in  part  with  calcite  and 
also  some  chlorite.  On  fresh  fracture  this  rock  is  seen  to  have  a'very  reddish  color. 
Some  of  the  amygdules  are  of  extremely  irregular  shape.  Towards  the  very  base 
of  this  member  the  amygdaloidal  character  becomes  less  and  less  prominent  until 
very  near  the  bottom  the  rock  is  represented  by  No.  15  of  this  series  simply  as  ir- 
regular masses  and  blotches  of  green  chlorite,  and  wherever  amygdules  do  occur, 
they  are  in  very  large  irregular  shapes.  There  is  a  large  bunch  of  prehnite  oc- 
curring here  which  carries  some  copper  in  small  fragments  scattered  throughout  it. 
It  appears  as  though  the  copper  occurred  in  certain  druses  throughout  this  vein 
material.  The  rock  then  passes  on  in  very  small  fragments,  much  broken  up,  of  the 
same  kind  of  reddish  trap  with  chloritic  bunches  and  a  few  irregvilar  amygdules  to 
426,  which  is  very  similar  to  the  preceding,  then  comes  a  reddish  gouge  of  clay  which 
seems  to  afford  no  evidence  of  its  original  character.  From  426  to  432,  the  rock 
is  a  dark  brownish  trap  with  very  few  chloritic  bunches  sparingly  scattered  through- 
out the  core.  This  member  is  somewhat  broken  up  by  veins  of  calcite  and  laumon- 
tite. Then  comes  another  mass  or  gouge  which  has  a  more  or  less  reddish  color. 
This  latter  is  succeeded  by  a  somewhat  greenish  amygdaloid  as  is  shown  by  No.  .5 
of  this  series.  There  is  then  at  the  very  base  of  this  member  a  greenish  sand  prob- 
ably derived  froni  the  sand  pump  and  not  to  be  considered  as  a  gouge,  which  is 
apparently  principally  composed  of  epidote  or  chloritic  material. 
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432.  to  434.  Tlie  top  member  consists  of  a  dark  trap  somewhat  intersected  by 
calcite  veins,  followed  by  somewhat  brownish  green  sand,  which  is  very  similar  to 
the  sand  described  in  the  preceding  member,  but  the  greenish  cast  is  not  so  pro- 
nounced. This  sandy  member  is  then  followed  by  a  more  compact,  brownish  trap, 
with  a  few  irregular  bunches  of  chlorite  much  the  same  as  the  preceding.  On  fresh 
fracture  this  trap  is  seen  to  have  a  distinctly  reddish  tinge.  The  bunches  of  chlorite 
are  generally  of  small  size,  but  distributed  rather  evenly  throughout  the  mass,  but 
in  some  instances  there  has  been  a  local  accumulation  and  the  chlorite  is  preserved 
as  quite  a  considerable  bunch.  This  member  is  also  considerably  intersected  by 
veins  (which  cut  the  core  longitudinally)  of  calcite  with  some  laumontite.  The 
base  of  this  member  is  very  well  consolidated  as  is  shown  by  the  length  of  the  core 
which  is  about  one  and  a  half  feet. 

434  to  443.  This  member  is  very  similar  to  the  preceding  with  the  exception  that 
it  shows  a  somewhat  fine  grained  luster  mottled  appearance.  Bunches  of  chlorite 
enclosed  by  calcite  occur  at  rare  intervals  throughout  the  mass.  The  rock  on  the 
whole  is  moderately  coarse  grained.  The  cores  preserved  are  of  good  length,  some- 
times running  up  as  much  as  a  foot  or  more.  On  fresh  fracture  the  rock  is  seen  to 
be  moderately  coarse  grained,  but  of  a  reddish  brown  color. 

443  to  445.  A  brownish  red,  moderately  coarse  grained  trap,  very  similar  to  the 
preceding  member.  Bunches  of  calcite  and  chlorite  are  practically  wanting  through- 
out this  member  and  the  rock  is  only  slightly  intersected  by  calcite  veins.  The 
luster  mottled  character  of  the  rock  is  fairly  w^ell  seen. 

445  to  453.  This  member  is  very  similar  to  the  preceding,  the  luster  mottling 
being  somewhat  coarser  towards  the  top  but  gradually  decreasing  in  amount  as  we 
descend  the  series.  In  the  central  portion  of  this  member  the  bunches  of  chlorite 
become  of  considerably  greater  size,  but  as  we  still  descend  the  series,  this  chlorite 
does  not  become  so  apparent  and  is  scattered  more  sparsely  throughout  the  core. 
The  luster  mottled  character  which  the  rock  loses  in  large  part  near  the  central 
portion  of  this  member,  becomes  somewhat  more  pronounced  as  we  near  the  base. 
On  fresh  fracture  the  rock  is  seen  to  have  a  moderately  coar§e  grained  structure. 
Examining  under  the  glass  there  seem  to  be  certain  metallic  bands  throughout 
this  trap  as  is  shown  in  core  No.  39,  which  from  their  color  and  general  appearance 
would  seem  to  be  copper.  They  are  so  minute,  however,  that  it  is  impossible  to 
state  positively  their  character.  At  the  very  base  of  this  member  the  luster  mot- 
tling again  disappears  to  a  considerable  extent  as  is  shown  by  No.  36  of  this  series. 
There  is  a  small  band  of  calcite  intersecting  this  member.  Thickness  seems  to  be 
one-eighth  of  an  inch. 

453  to  456.  A  brownish  red  trap  with  a  considerable  number  of  bunches  of 
chlorite  throughout  the  core,  the  cross-section  of  these  bunches  showing  them  to 
be  approximately  spheroidal.  This  member  is  intersected  by  a  number  of  veins 
of  calcite  which  w'ould  allow  the  mass  to  be  broken  up  to  a  great  extent.  There  is 
some  evidence  of  slickensiding.  but  it  is  very  slight. 

456  to  459.  A  brownish  amygdaloidal  trap  of  the  upper  portion  which  grades 
downward  into  a  more  typical  amygdaloid.  The  thickness  of  the  amygdaloidal 
portion  as  represented  by  the  core  is,  however,  rather  unsatisfactory,  not  being 
much  over  a  foot,  and  then  grading  downward  again  into  an  amygdaloidal  trap, 
follo-wed  by  an  ordinary  trap.  The  amygdules  are  rather  irregular  in  outline  and 
of  moderately  small  size.  The  fiUing  seems  to  be  for  the  most  part  of  calcite  which 
is  of  a  reddish  color.  Amygdules  filled  with  chlorite  are  dlso  seen  but  they  are  of 
relatively  small  size  and  of  slight  importance.  As  noted  above  this  member  grades 
down  into  a  trap  at  the  base  of  the  series  which  is  of  a  dark,  very  compact  character. 
The  individual  minerals  are  not  recognizable  to  the  unaided  eye.     On  fresh  fracture 
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the  rock  is  seen  to  have  a  very  dark  greenish  color  due  to  the  presence  of  a  consider- 
able amount  of  small  particles  of  chlorite.  This  rock  is  intersected  by  numerous 
veins.  Scattering  amygdules  occur  often  through  this  trap  but  are  relatively 
scarce. 

459  to  461.  Is  a  dark  brownish  trap  with  small  bunches  of  chlorite.  Epidote 
is  also  abundantly  present  and  No.  5  of  this  series  is  represented  by  a  purely  greenish 
epidotic  sand.  This  is  very  much  more  epidotic  than  the  sand  described  above  in 
the  portion  426  to  432.  To  all  appearances,  this  sand  is  principally  composed  of 
epidote.  The  fragments  of  cores  succeeding  this  sand  are  seen  to  consist  entirely 
of  epidote  (with  numerous  drusy  cavities  in  which  epidotic  needles  project)  and 
also  some  quartz.  The  epidote  seems  to  be  very  much  broken  up  through  drilling 
but  this  is  principally  due  to  the  open  character  of  the  rock  on  account  of  the  num- 
erous drusy  cavities.  These  cavities  are  of  relatively  small  size  and  of  extreme 
number  throughout  the  specimen. 

461  to  466.  The  very  top  of  this  member  consists  of  an  epidotic  rock  exactly 
■similar  to  that  previously  described,  merging  gradually  into  a  reddish  brown  trap 
of  moderately  fine  grain,  with  a  considerable  amount  of  epidote  present  in  the  trap. 
This  epidote  is  easily  recognized  throughout  the  member  on  account  of  its  color, 
and  the  needle-like  forms  in  which  it  is  crystallized.  Many  of  the  druses  in  the  up- 
per portion  of  this  member  contain  numerous  well  crystallized  needles  of  this  mineral. 
Passing  downward  the  rock  becomes  more  reddish  brown  and  somewhat  coarser 
grained.  Veins  of  calcite  intersect  the  mass  and  show  a  peculiar  pressure  twinning. 
Bunches  of  chlorite  are  here  and  there  abundant  and  are  of  sparse  dissemination 
throughout  the  cores. 

466  to  470.  Is  a  more  coarsely  grained  trap  showing  in  the  upper  portion  a  rather 
•small  luster  mottled  appearance,  which  in  the  central  portion  is  not  so  well  pro- 
nounced, and  gradually  decreases  in  extent  as  the  base  is  approached.  This  member 
IS  also  considerably  intersected  by  veins  of  calcite  with  laumontite  on  the  faces. 
On  fresh  fracture  the  rock  has  a  distinctly  reddish  color  but  the  constituent  minerals 
are  not  easily  determinable,  although  feldspars  of  a  long  vesicular  type  seem  to  be 
present. 


Label  on  box.  Hole  No.  1,  470  to  555  feet.     Stencil  number.  No.  6. 

470  to  476.  A  reddish  brown  trap  with  a  considerable  amount  of  chloritic  ma- 
terial scattered  in  irregular  masses  throughout  the  core  which  has  given  the  rock  a 
distinctly  greenish  cast.  The  texture  is  moderately  coarse  grained  near  the  top; 
as  greater  depth  is  approached  the  rock  becomes  more  luster  mottled  and  in  some 
instances  is  a  distinctly  coarse  grained,  poikilitic  trap  with  a  greenish  cast.  The 
greenish  character  seen  in  the  luster  mottled  portion  is  not  due  to  the  large  bunches 
of  chlorite  that  are  seen  in  the  upper  portion,  for  here  the  chlorite  is  more  finely 
disseminated  throughout  the  whole  ground  mass  and  is  not  collected  into  separate 
large  sized  bunches.  This  luster  mottled  portion  is  much  more  dark  colored  and 
has  lost  the  reddish  cast  that  was  present  in  the  upper  portion  of  the  bed.  Veins 
of  calcite  and  laumontite  do  intersect  the  mass,  but  are  relatively  coarse.  A  few 
very  sparsely  disseminated  amygdules  filled  with  calcite  are  seen  throughout  this 
member;  at  the  basal  portion  the  luster  mottling  is  much  less  pronounced  and  is 
of  smaller  size  where  present. 

476  to  486.  Rock  is  a  dark,  moderately  coarse  grained  diabase  siiowing  rather 
large  luster  mottling.  Veins  of  calcite  are  particularly  wanting  throughout  this 
member.  This  luster  mottled  diabase  is  very  compact  and  hard  as  is  shown  by  the 
lengtli  and  character  of  the  drill  cores;  some  of  these  are  at  least  two  feet  in  length 
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and  retain  perfect  symmetry  showing  very  slight  wearing  away.  This  member 
also  has  a  distinctly  greenish  cast  due  to  the  amount  of  finely  disseminated  chlorite 
which  is  present  throughout  it.  The  lower  portion  does  not  furnish  as  long  cores 
and  the  rock  does  not  seem  to  be  as  thorouglily  massive  as  the  upper  member. 
The  character,  however,  of  both  portions  is  very  much  the  same,  only  the  lower 
portion  is  more  often  cut  by  calcite  veins.  Chlorite  is  seen  to  be  present  on  many 
of  the  vein  faces  and  it  is  considerably  gouged  and  polished  as  though  the  result 
of  slickensiding  action.  The  luster  mottling  in  the  central  portion  is  not  as  pro- 
nounced as  in  the  upper  but  it  gradually  merges  from  the  upper  with  quite  a  sharp 
line  of  demarcation.  By  this  it  is  not  to  be  understood  that  the  lower  portion  is 
not  luster  mottled  for  it  is  distinctly  so. 

486  to  496.  A  rock  of  practically  the  same  character  as  the  preceding,  in  some 
instances  the  core  being  cut  by  veins  of  calcite  horizontally.  The  luster  mottling 
is  rather  pronounced  showing  an  increase  over  the  base  of  the  preceding  member. 
This  rock  has  a  dark  greenish  color  and  is  moderately  coarse  grained.  Not  only 
is  this  rock  intersected  by  horizontal  veins  but  also  vertical  veins  cut  the  core. 
These  veins  are,  however,  relatively  rare  and  the  core  furnished  by  this  member  is 
of  good  quaUty,  sometimes  a  foot  and  a  half  in  length.  Chloritic  bunches  are 
found  throughout  the  member  but  there  are  no  distinctly  large  separate  accumula- 
tions of  this  mineral.  Towards  the  lower  portion  the  rock  ceases  to  show  such  a 
coarsely  luster  mottled  character  as  in  the  upper  portion  and  merges  more  into  an 
non-poikilitic  trap. 

496  to  500.  A  reddish,  moderately  fine  grained  trap  with  a  large  amount  of 
irregular  disseminated  chlorite.  The  chlorite  also  occurs  in  rather  regular  shaped 
amygdules  of  a  rounded  outline.  This  trap  is  very  much  iron  stained,  calcite  is 
also  present  and  some  large  bunches  of  amygdules  of  irregular  form  filled  with 
calcite  with  an  outer  envelope  of  laumontite.  This  member  has  a  distinctly  de- 
composed appearance  even  in  the  cores  here  represented.  Near  the  very  bottom 
of  this  member  occurs  a  considerable  amount  of  epidote  associated  with  calcite,  the 
epidote  and  calcite  both  occurring  in  irregular  masses  throughout  the  core.  Lead- 
ing out  of  these  various  amygdules  are  various  little  bunches  or  veins  of  small  ex- 
tent both  laterally  and  vertically. 

503  to  506.  A  greenish,  somewhat  epidotic,  amygdaloidal  trap  with  amygdules 
filled  with  calcite  and  epidote.  In  some  instances  drusy  ca^^ties  are  filled  with 
epidote  in  long  projecting  needle-like  forms.  The  outline  or  form  of  these  amyg- 
dules is  very  regular,  and  from  the  evidence  presented  by  the  core,  the  epidote  is 
later  than  the  calcite.  This  rock  is  a  reddish  brown  in  its  general  color  and  this 
has  been  changed  to  something  of  a  greenish  tinge  by  the  presence  of  epidote.  Slight- 
ly below  the  upper  portion  of  this  member,  occurs  a  very  dark,  moderately  fine 
grained  trap,  which  is  represented  by  No.  3  of  this  series.  In  this  trap  there  are 
bunches  of  a  reddish  hematitic  color  which  are  probably  derived  from  the  decom- 
position of  some  of  the  constituent  minerals.  This  dark  trap  member  is  represented 
by  the  cores  as  only  a  couple  of  inches  in  length  and  is  succeeded  by  another  portion 
very  similar  to  the  top  of  this  member,  namely,  a  reddish  brown,  moderately  fine 
grained  trap  with  numerous  large  irregular  amygdules  filled  with  calcite  and  epidote. 
This  epidotic  portion  appears  to  be  in  the  form  of  an  irregular  vein  which  cuts 
across  the  core  at  nearly  right  angles.  This  vein  of  epidote  is  represented  by  a 
band  not  exceeding  three-quarters  of  an  inch  in  its  greatest  dimension,  and  ex- 
tremely irregular  in  shape  so  that  in  portions  it  is  not  over  one-sixteenth  of  an  inch 
in  width.  This  epidotic  portion  is  filled  by  a  reddish,  fine  grained  trap  with  bunches 
of  somewhat  regular  outline  of  chlorite.  The  constituent  minerals  are  not  to  be 
determined  in  this  specimen  on  account  of  the  fine  grained  character  of  the  rock. 
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The  chlorite  bundles  seem  to  be  somewhat  spherical  in  their  general  outline.  This 
member  also  shows  certain  reddish  iron  stains  throughout  the  mass,  which  are 
probably  due  to  the  decomposition  of  the  iron  minerals,  possibly  the  chlorite. 

506  to  511.  This  member  starts  in  a  somewhat  reddish  brown,  amygdaloidal 
trap.  The  amygdules  are  of  moderately  small  size,  and  some  of  them  are  filled  with 
quartz.  Calcite  is  also  present,  but  the  main  part  of  the  amygdule  filling  is  quartz. 
This  rock  has  a  distinctly  greenish  color  owing  to  the  amount  of  epidote  present 
and  the  core  is  intersected  by  nvimerous  veins  of  calcite  which  intersect  the  core 
at  an  angle  of  about  45°.  The  amygdules  grow  smaller  and  smaller  in  size  as  w^e 
go  down  the  series  but  finally  we  come  in  the  central  portion  of  this  member  to 
a  greenish  sand  with  which  there  is  a  considerable  brownish  material  mixed.  Sub- 
sequent to  this  sand  occurs  an  amygdaloidal  trap  very  rich  in  epidote  which  is 
disseminated  throughout  the  ground  mass,  and  also  occurs  in  small  drusy  cavities 
in  vesicular  form.  The  presence  of  the  epidote  has  given  a  distinctly  greenish  color 
to  this  amygdaloidal  trap.  In  No.  7  of  this  series  a  vein  of  chlorite  and  epidote 
about  an  inch  in  thickness  is  seen  to  be  filled  with  a  quartz.  In  this  connection 
it  is  interesting  to  note  that  strings  of  quartz  proceeding  from  the  amygdules  in- 
tersect an  epidote  band  and  continue  through  it,  thus  showing  that  the  quartz  is 
younger  than  the  epidote.  This  is  well  seen  in  fragment  No.  7  of  this  series.  The 
A-ery  bottom  of  this  core  is  represented  by  an  extremely  rotten  and  much  decomposed 
trap  of  a  brownish  iron  stained  color. 

511  to  515.  A  moderately  fine  grained  trap  with  considerable  amount  of  chlorite 
present  in  irregular  bimches  disseminated  throughout  the  ground  mass.  In  some 
instances  this  chlorite  has  been  decomposed,  leaving  the  irons  present  as  a  reddish 
hematitic  stain  on  the  core.  On  fresh  fracture  it  is  seen  that  this  rock  is  of  a  dark 
brownish  gray  color.  Calcite  is  present  in  the  form  of  veins  cutting  the  core  hor- 
izontally. In  one  vein  of  calcite  a  little  prehnite  is  also  present.  The  lower  portion 
of  this  member  consists  of  an  amygdaloid  or  amygdaloidal  trap  in  which  there  is  a 
considerable  amount  of  epidote  present.  The  form  of  these  amygdules  is  somewhat 
irregular  but  they  are  of  relatively  small  size.  Several  of  these  portions  are  repre- 
sented only  by  sand  from  the  sand  pump.  In  portions  epidote  is  abundantly 
present,  but  in  sparsely  disseminated  amounts. 

515  to  524.  A  reddish  brown  amygdaloid  with  amygdules  of  very  large  size,  the 
amygdules  being  filled  for  the  most  part  with  calcite.  In  some  instances,  however 
there  is  a  considerable  amount  of  cry-stallized  epidote  in  small  caAities  and  in  one 
instance  at  least,  in  No.  7  of  this  series  there  is  a  large  quartz  crystal  finely  crystal- 
lized in  one  of  these  drusy  cavities.  There  is  a  large  amount  of  quartz  fiUino-  in 
some  of  these  large  irregular  druses.  One  of  these  portions  is  represented  in  frag- 
ment No.  12  which  has  for  the  major  part  of  the  core  a  mass  of  quartz  which  is 
filled  with  irregular  fragments  of  greenish  chlorite.  Irregular  fragments  of  a  red- 
dish green  amygdaloidal  trap  are  also  seen  surrounded  by  this  quartz  and  the  whole 
has  very  much  the  appearance  of  a  brecciated  vein.  In  this  quartz  there  are  a  few 
small  crystals  of  copper.  The  contact  between  the  quartz  and  the  adjacent  rock 
shows  that  there  has  been  some  slight  alteration.  The  greenish  trap  near  the  quartz 
is  seen  to  become  more  reddish  and  this  reddish  stain  has  somewhat  permeated  the 
quartz.  Towards  the  lower  portion  of  this  member  the  rock  becomes  considerably 
more  epidotic  or  chloritic  but  this  gives  it  a  much  greener  character.  The  vein 
material  stops  at  about  522  and  is  followed  by  this  greenish,  fine  grained  trap  Mith 
a  few  bands  of  chlorite  and  a  few  irregular  dis.seminated  amygdides  filled  with 
epidote  and  calcite,  the  calcite  in  this  in.stance  being  older  than  the  epidote.  The 
very  lowest  member  of  this  portion  is  represented  by  a  nuich  decomposed  brownish 
green,  much  altered  trap.     This  trap  shows  its  extreme  decomposition  in  the  very 
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small  comminuted  fragments  wliich  are  preserved  in  the  drill  record.  The  very 
end  of  this  member  is  represented  by  a  brownish  sand  with  a  few  of  the  constituent 
minerals  recognizable.  This  sand  has  a  somewhat  greenish  cast  due  to  the  amount 
of  epidote  present  in  the  rock. 

524  to  526.  A  dark  greenish  trap  with  numerous  bunches  of  chlorite.  The 
whole  core  shows  that  this  chlorite  is  present  throughout  the  mass  and  in  some 
instances  it  looks  as  though  it  had  been  dragged  out  and  rolled  by  slickensiding 
motion  into  greenish  striated  plates. 

526  to  530.  The  ujjper  portion  of  this  member  consists  of  an  amygdaloidal  trap 
of  a  somewhat  open  textured  character  with  considerable  quartz,  calcite  and  epidote 
present  as  filling  for  these  irregular  cavities.  Veins  filled  with  laumontite  and 
calcite  also  intersect  the  rock  horizontally;  the  filling  of  the  amygdules  is  in  very 
large  part  quartz.  Below  the  upper  portion  of  this  member  the  rock  becomes 
more  of  a  typical  trap,  of  a  dark,  nearly  black  color  of  such  a  relatively  fine  grain 
that  none  of  the  constituent  minerals  can  be  recognized  by  the  naked  eye.  'J'he 
cores  from  this  member  are  sometimes  cut  by  horizontal  veins  filled  with  calcite. 
Bunches  of  chloritic  material  are  present  throughout  the  mass  and  appear  to  have 
a  general,  rather  irregular  outline.  Near  the  lower  portion  of  this  member  the  rock 
becomes  considerably  more  amygdaloidal.  The  upper  portion  of  this  amygda- 
loidal member  is  marked  in  the  core  by  a  band  at  least  an  inch  thick  of  greenish 
chloritic  material  which  is  probably  derived  from  epidote.  The  amygdaloid  is  of 
a  greenish  brown  color.  The  filling  of  the  amygdules  is  in  large  part  quartz.  Near 
the  contact  of  this  amygdaloid  with  the  greenish  epidotic  portion  the  amygdaloid 
has  a  much  more  reddish  color  and  along  the  contact  between  these  two  parts  has 
rather  irregular  apophyses  of  the  trap,  including  epidote.  This  amygdaloid  has  a 
distinctly  green  color  due  to  the  amount  of  epidote  which  is  present  in  small  dis- 
seminated particles  throughout  it.  In  the  drusy  cavities  which  have  remained  open, 
epidote  is  seen  to  have  crystallized  out  into  needles. 

530  to  533.  Much  broken  up  drill  core  of  a  greenish  brown  character  with  some 
irregular  amygdules  of  considerable  size  filled  with  quartz,  much  the  same  as  the 
preceding,  but  the  whole  rock  with  a  much  more  brownish  cast  than  the  preceding. 
The  amygdules  are  scattered  so  widely  that  few  appear  in  the  drill  core.  The 
lowest  portion  of  this  member  is  represented  by  a  brownish  sand  in  which  the  var- 
ious members  can  not  be  determined.  From  about  496  up  to  this  point  the  cores 
have  all  been  very  much  broken  vip  and  the  fragments  rarely  exceed  an  inch  in 
length  showing  the  generally  decomposed  fractured  character  of  the  beds  which 
this  series  represents. 

533  to  542.  The  upper  portion  of  this  member  consists  of  a  dark  brownish, 
moderately  fine  grained  trap  with  a  considerable  amount  of  chlorite  in  moderately 
large  sized  bunches  scattered  throughout  the  core.  This  chlorite  is  in  rather  dis- 
seminated, irregular  bunches  but  further  down  it  appears  in  rather  greater  quan- 
tities in  rather  spheroidal  forms.  Calcite  is  sometimes  present  also  as  a  filling  in 
these  chloritic  bunches  and  in  all  such  cases  it  appears  as  though  "the  calcite  were 
formed  previous  to  the  chlorite.  In  many  instances  the  chlorite  has  been  decom- 
posed and  altered  into  a  reddish  iron  material  and  a  few  seams  of  calcite  cut  the 
core  at  an  angle  of  about  45°  and  in  some  instances  the  original  filling  of  calcite 
has  been  apparently  largely  replaced  by  chlorite.  In  certain  instances  the  chlorite 
of  this  trap  appears  to  have  suffered  slickensiding.  At  the  very  bottom  of  this 
member  the  color  of  the  trap  is  somewhat  darker  and  there  is  a  slight  tendency 
towards  rather  small  luster  mottling. 

.542  to  552.  The  upper  portion  of  this  member  consists  of  a  dark,  very  fine  grained 
trap,  much  the  same  as  the  preceding,  the  luster  mottling,  however,  not  being  a^ 
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evident  and  bunches  of  chlorite  are  somewhat  less  frequent  also.  The  core  is  in- 
tersected by  veins  filled  with  calcite  and  laumontite  which  intersect  it  both  hori- 
zontally and  vertically.  The  core  preserved  from  this  series  is  of  good  quality  and 
of  moderate  length.  Towards  the  central  portion  of  this  member  the  fine  luster 
mottling  again  appears  to  some  extent,  and  a  few  bunches  filled  with  calcite  are 
also  evident  through  the  core.  The  luster  motthng  here  represented  seems  rather 
to  be  a  localized  feature,  but  it  does  not  extend  throughout  very  much  of  the  core. 
Slightly  below  the  central  portion  of  this  section  the  rock  becomes  distinctly  more 
greenish  and  begins  to  lose  the  luster  mottling  which  characterii;ed  it  in  the  central 
portion.  Together  with  this  change  the  trap  becomes  somewhat  more  amygda- 
loidal,  the  amygdules  being  of  rather  regular'outline.  The  filling  of  the  amygdules 
has  been,  for  the  most  part,  of  calcite  but  in  some  instances  chlorite  is  also  found  as 
a  filling.  It  is  highly  probable  that  this  chlorite  was  derived  from  the  epidote 
which  is  sparingly  represented  in  these  cores.  The  amygdules  are  of  very  small 
size  and  rather  widely  disseminated  throughout  the  specimen.  This  amygdaloidal 
portion  is  rather  localized  but  it  does  not  extend  much  more  than  six  or  seven  inches 
as  represented  by  the  core.  Below  it  comes  a  more  fine  grained,  homogeneous 
trap  of  a  reddish  brown  color  which  is  filled  by  a  more  reddish  colored  amygdaloid. 
The  filling  for  this  amygdaloid  is  calcite  and  epidote.  The  epidote  has  been  altered 
to  chlorite.  This  phase  is  well  represented  by  No.  20.  Following  this  portion  of 
the  member  the  rock  becomes  more  greenish  as  represented  by  No.  23  and  owes 
its  character  to  the  amount  of  epidote  present.  This  portion  lies  near  the  base  of 
this  member.  Epidote  is  present  in  considerable  amounts,  apparently  as  a  vein. 
This  epidote  is  rather  drusy  and  contains  numerous  cavities  in  which  crystals  of 
great  beauty  project.  The  width  of  this  vein,  judging  by  the  core  is  perhaps  eight 
inches.  This  is  followed  by  a  much  decomposed  and  broken  up,  dark  greenish, 
amygdaloidal  trap.  The  amygdules  in  this  case  are  filled  with  quartz  which  has 
a  somewhat  pinkish  color.  The  amygdules  are  rather  irregular  in  outline.  This 
portion  of  the  core  is  retained  in  only  small  comminuted  fragments. 

525  to  555.  This  portion  consists  of  an  amygdaloidal  trap,  the  amygdules  being 
sparingly  preserved  in  the  core.  The  amygdules  are.  far  the  most  part,  filled  with 
quartz  which  has  a  more  pinkish  color  as  before  noted  in  the  preceding  member. 
The  ground  mass  in  which  these  amygdules  occur  is  a  dark,  moderately  fine  grained 
trap  in  which  few  of  the  constituent  minerals  are  to  be  recognized. 


Central  drill  hole  2.  488  feet  deep,  dip  60°,  elevation  61  feet  above  datum  and 
horizontally  6472  feet,  to  which  may  be  added  (cot  24°  x  123)  for  the  difference  in 
elevation,  in  a  direction  S.  18°E.,  from  an  outcrop  of  the  Allouez  conglomerate  at 
an  elevation  of  184  feet, — 840  feet  from  Hole  1.  Hubbard  makes  the  strike  of  the 
Kearsarge  conglomerate  N.  80°  11'  E.  in  the  Central  mine  and  its  dip  21°  to 
27°.  The  uncertainty  of  the  strike  may  make  1%  difference  in  horizontal  distance. 
The  Kearsarge  is  about  2599'  below  the  Allouez  in  the  Central  mine.  The  top  of 
the  hole  is  about  6747  x  sin  24°=2740  feet  below  the  Allouez.' 


Central  drill  hole  8.  (Cend.  8).  A  vertical  hole  727  feet  deep  should  be  comparable 
with  Cend.  1,  faults  apart,  for  it  is  distant  from  it  170  feet  along  the  strike  line  S. 
72°  W.  and  13  feet  N.  18°  W.  from  the  strike  line.  Accordingly  it  should  be  827 
across  the  strike  below,  and  26'  vertically  below  2.  Its  elevation  is  probably  about 
35'  above  datum  and  11  feet  below  No.  1.     By  barometer  from  Keweenaw  Central 
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R.R.I  175  A.  T.  Its  top  should  have  struck  the  horizon  of  Cend.  1 ,  had  they  neither 
had  any  overburden,  if  the  strike  is  correctly  assumed  and  there  are  no  faults.  But 
as  Hole  8  is  vertical,  to  get  the  equivalent  thickness  of  strata  one  must  multiply 
the  vertical  distance  by  the  cosine  of  the  dip  making  them  between  8/10  and  9/10 
of  the  present  value.  If  we  take  the  average  dip  of  sediments  and  contacts  in  con- 
nection in  the  drill  "hole,  the  dip  indicated  is  29°,  Avhich  is  in  very  fair  harmony 
with  dips  otherwise  assumed.  The  next  drill  hole  south  No.  5,'  seems  to  have  dips 
of  about  35°.  On  the  other  hand  there  is  nothing  in  Cend.  1  to  correspond  to  Cend. 
8.  42-319  which  can  not  well  be  less  than  277  x  cos  29°-F 20=260  feet  deep  by 
direct  measurements,  confirmed  by  the  coarseness  of  grain.  This  same  big  ophite 
should  also  appear  in  the  bottom  of  Cend.  2.  The  only  chance  for  it  is  to  suppose 
that  it  is  the  Bed  58,  just  entered  (Cend.  2  442-498)  and  correlate  Cend.  2.  457 
with  Cend.  8     42  implying  a  dip  of  31  °^  which  we  shall  do. 

Overburden  42,  then  bed  rock.     This  is  right  in  the  swamp. 

(58  bis)    Ophite.  (--^0) 

Trap  8.42-314'9"=273+  (235+15) 

The  amygdaloid  top  is  not  present.     The  mottling  is  well  marked 
as  follows: 
mm.  2-3, 

depths  in  hole  42, 
or  distances  of  240, 
mm.  2, 

depths  in  hole  279, 
or  distances  of  31, 
is  29°  or  so.  This  is  a  well-marked  ophite  and  has  a  nearly  normal 
increase  in  grain  and  does  not  appear  extra  feldspathic.  At  60  there 
seems  to  be  dark  resinous  grains  of  porphyritic  augite;  at  66-8  feet 
there  is  a  vein  of  prehnite  and  copper  making  an  angle  of  about  34° 
with  the  drill  core,  perhaps  therefore  nearly  at  right  angles  to  the 
bedding  and  thereafter  it  is  very  chloritic,  as  if  near  a  big  slip.  The 
feldspars  are  small  and  the  general  effect  dark.  Another  chlorite 
seam  at  282. 

This  would  appear  to  belong  close  under  the  Wolverine  sandstone. 
At  the  Wolverine  the  second  belt  below,  from  87-307  feet  in  the  11th 
level  cross-cut,  is  a  hea^^  belt  of  trap,  say  145  feet  thick. 
Base  below  base  of  Wolverine  sandstone  (281) 

59.  Melaphyre  (30)  (311) 

Scoriaceous  amygdaloid  d  8.     314-331=17         (15) 

This  amygdaloid  is  badly  broken  up  and  mixed  with  red  clasolite 
and  epidotic  sandstone,  and  may  represent  a  sedimentary  belt  as 
well  as  the  top  of  the  ophite  below^  dip  apparently  35° 
Trap  d  8.     331-348=17  (15) 

A  fine  grained  melaphyre  with  epidote  and  amygdaloid  inclusion  at 
337-338,  broken  up  from  344  down.  It  is  noticeable  also  that  scor- 
iaceous amygdaloids,  and  an  abundance  of  epidote,  and  red  sediments 
are  associated  with  the  beds  beneath  the  Wolverine  sandstone,  also 
at  the  Wolverine  (amygdaloid  and  epidote)  and  at  the  Arcadian 
(bottom  of  Hole  2  and  Hole  19),  and  on  the  Calumet  and  Hecla 
property  A,  2-21,  1-21,  B.     Cf.  also  Franklin  Junior  1,  2,  3,  and  the 

"moles  1  and  2  were  sent  to  the  Geological  Survey  office  to  examine.  Then  where  drilling 
was  recommenced  the  numbering  of  the  boxes  seem  to  have  begun  with  1  again,  1,  2,  3,  4.  A. 
5  and  then  the  last  hole  was  numbered  8  as  may  be  easily  verified  by  companng.depths. 
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more  inassive  parts  of  the  flows  are  more  feldspathic,  sometimes 
doleritic,  sometimes  glomeroporphyritic,  when  ophitic  faintly  so, 
the  motthng  not  showing  until  it  is  quite  coarse. 

60.  Chocolate  sandstone.     Dip  26.  5°,  clasolite?  at  d  8.       348  (311) 

Cf.  C.  &  H.  B.  463. 

61.  Amygdaloid  d  8.     348-350=2  (2)  ^        (12) 

Trap  reddish,  fine  grained  with  a  few  chloritic  amygdules-360=12 

(323) 

62.  Felspathic  melaphyre  (35)  (358) 

Amygdaloid  d  8.     360-371=11     (H) 

Marked  red,  granular  with  white  amygdules;  perhaps  only  a  band 
in  the  flow  above  to  369,  then  coarser  feldspathic  with  a  few  large 
amygdules  and  at  371  epidote. 

Trap  growing  coarser  then  finer  d  8.-400  29         (25) 

Dip  of  bottom  contact  17° 

63.  Melaphyre  (8)  (364) 

Amygdaloid  d  8.     400-404=4         (3) 
Trap  growing  finer  d  8.     404-410=(5) 

64.  Feldspathic  melaphyre  (40)         (404) 

Amygdaloid  d  8.     410-8.420=10         (8) 

Epidote  seam,  amygdaloid  with  chlorite  and  calcite,  and  amyg- 
daloid with  a  little  red  clasolite  matter  and  prehnite. 
Trap  d  8.     420-459=39         (32) 
Coarsest,  somewhat  mottled  about  447. 

65.  Amygdaloid  (10)  d  8.     459-462=3         (2)  (414) 

Poor,  coarse. 

Trap  somewhat  amygdaloidal  d  8.     462-471        (9) 

66.  Ophite,  feldspathic.  (12)  

Amygdaloid  d  8.     471-477=6     (5)  (426) 

Red  with  white  amygdules,  and  epidote  and  calcite  seams. 
Trap  d  8.     477-485=8         (7) 
Faintly  mottled. 

67.  Ophite,  feldspathic.  .  (23)  (449) 

Amygdaloid  d  8.     485-491=6       (.5) 

Red,  marked  with  small  amygdules  of  epidote,  chlorite  and  some 
calcite. 
Trap  d  8.     491-512=21         (17) 

There  are  seams  making  an  angle  with  the  hole,  (the  vertical),  of 
29°  and  perhaps  about  at  right  angles  to  the  dip.  There  is  a  faint 
2-3  mm.  mottling  at  501,  growing  finer  below.  The  dip  of  the  bot- 
tom contact  is  between  26°  and  45°. 

68.  Amygdaloid  d  8.     512-514=4     (42)         (2)  (452) 

Marked  with  pink  amygdules. 
Trap  d  8.     514-516=2     (2) 

69.  Ophite,  feldspathic.  (11)  (463) 

Amygdaloid  d  8.     516-518=2         (2) 
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Marked  like  the  one  above. 
Trap  d  8.     518-528=10         (9) 
70.  (9)  (472) 


Amygdaloid  <1  S.     528-532=4     (3^) 

Poor. 

Trap  (with  chloritic  amygdules)  d  8.     532-538=6         (5) 

71.  Feldspathic  ophite        .  (13)  (485) 

Amygdaloid  d  8.     538-544=6         (5) 

Red,  fine  grained  chlorite-540,  then  1  inch  of  epidote,  and  felds- 
pathic, chloritic,  somewhat  amygdaloid-544. 
Trap  d  8.     544-553=9     (8)  (13) 

72.  Ophite  (122)  (607) 

Amygdaloid  d  8.     553-556 -f- =3  (3) 

Red  marked  to  556,  coarse  a  few  feet  farther  and  fine  grained  to 
565. 

Trap  d  8.     556-693=137  (189)         (122) 

Grows  coarser  to  about  644,  as  follows: 

mottles      2  mm.,     3  mm.,     3-5  mm.,   5  mm.,     3  mm.,     2  mm.,     at 
depths  576,  583,  599,        627,  666,  675, 

distances  103,  96,  82,  58,  23,     7,  from  the 

foot. 
At  583  there  are  chloritic  seams  and  from  682-685  one  of  epidote. 
(73  and  74  see  Hole  5)  (25)  (632) 

Amygdaloid  d  8.     693-702=9     (8) 

Red,   fine  grained  with   chlorite  and  epidote,   from  695-702  very 
epidotic. 
Trap  d  8.     702-722=20         (17)         25 

Coarse,  feldspathic,  growing  finer  to  722,  the  top  of  the  contact 
being  about  26°, — an  epidote  seam  at  712 
75.  Amygdaloid  d  8.     722-726=4=Cend.  5.8  8  (637) 

Trap,  feldspathic  d  8.     726-727  + 1 


Central  drill  hole  5.  950  feet  from  No.  8  in  a  direction  S.  18°E.  Elevation  by 
barometer  195  A.  T.  Vertical  depth  818  feet.  The  boxes  at  the  mine  are  labelled 
3.  Dip  about  35°.  At  this  dip  the  bottom  of  8  should  be  equivalent  to  92  feet 
down  in  No.  5,  and  in  turn  its  bottom  should  be  equivalent  to  185  feet  do^vn  in  No. 
3.  The  correlation  of  8  d  5.  807-816  with  d  5.  182-186  is  a  fair  one,  and  we  may 
also  compare  d  8.     722-727  with  d  5.     88-92. 

The  sediment  d  5.     98  to  100  does  not  appear  in  8,  nor  does  the  ophite  which 
appears  in  8  down  to  693  appear  in  5.     This  gives  us  a  33  foot  range  of  correlation 
and  the  34  feet  beds  between  are  small  amygdaloids  upon  which  we  cannot  depend. 
Overburden  sand  65  feet. 

(73)     Amygdaloid  with  white  amygdules  d  5.     565-68         3  (2) 

Feldspathic  melaphyre  d  5.     568-84         10     (12)         14 
With  chloritic  amygdules. 
Contact  at  the  base  dips  at  angle  of  7  or  8:10  (about  36  °§) 
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(74)     Amygdaloid 

White  with  epidote  seams  d  5.     584-86         2     (2) 
Trap  d  5.     86-88  2  (2)         (3) 

Probably  a  gush  of  the  underlying  flow 


Below  the  base  of  the  Wolverine  sandstone  (631), 

Glomeroporphyritic. 
(75)     Amygdaloid 

White  with  epidote  seams  d  5.     88-92=4     (3  +  )=[8.722]  639 

Trap  d  5.     92-98     (6)     (4-^)     (8) 

A  feldspathic  melaphyre  with  chlorite  amygdules. 

76.  Sediment  d  5.     98-100         2         (2)  (641)^ 

Aphanitic,  mottled  pink  and  green  hke  castile  soap,  epidotic,  dip  35°. 
Base  of  this  sediment  below  the  Wolverine  sandstone  No.  9. 

77.  Amygdaloid  d  5.     100-102=2         (2)         (31)  (672) 

Feldspathic  melaphyre  d  5.     102-138=36     (29) 

78.  Inclusion  bed,  feldspathic  melaphyre  (820) 

Amygdaloid    d  5.     138-141=3     (2) 

Trap  d5.     141-320=179     (146)         (149) 

Faintly  mottled  with  amygdaloid  inclusions,  and  slightly  doleritic 
at  169,  175,  183,  189.  At  201.6  the  feldspar  is  4  mm.  long.  At  223 
there  is  a  vein  of  porcelainic  datoUte.  At  267,  277,  285,  289,  there  are 
marked  inclusions  of  epidote  amygdaloid.  From  313  to  318  are  marked 
clay  veins  dipping  from  31  °  to  38°  with  brecciation. 
Cf.  Arc.  Belt  74. 

79.  Feldspathic  ophite.  (999) 

Amygdaloid  d  5.     320-335=15     (19) 

Calcite  poor. 
Trap  d  5.     335-540=205     (167) 

Feldspathic,  fine  grained,  faintly  mottled  to  367,  quartz  calcite  seams 
to  366  and  at  419,  mottled  4  mm.  across  at  450,  3-5  mm.  at  499,  at  501 
laumontite  seams. 

80.  Feldspathic  melaphyre.     •  (1035) 

Amygdaloid  d  5.     540-544=4         (3) 

At  first  small  amygdules  and  then  coarser  structure. 

Trap  feldspathic  d  5.     544-585=41     (33) 
There  is  an  amygdaloid  inclusion  at  564. 

81.  Conglomerate  and  sandstone  d  5.     585-593=8     (7)  (1042) 

A  red  sandstone  at  the  base  basic,  giving  a  number  of  good  chances 
to  measure  the  dip,  which  average  (8  measurements)  70  per  100. 
Cf.  Arc.  bed  76. 

82.  Melaphyre  d  5.     593-632=39     (32)  (1074) 

Amygdaloidal  somewhat  throughout,  fine  grained. 

83.  Feldspathic  malaphyre  (20)  (1094) 

Amygdaloid    d  5.     632-640=8  (6) 

Trap  d  5.     640-657=17  (14) 

84.  Feldspathic  melaphyre         (14)  (1108) 

Amygdaloid    d  5.     657-662=5  (4) 

Trap  d  5.     662-674=12  (10) 

Seamed  at  668. 
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85.  Feldspathic  melaphyre         (15)  (1123) 

Amygdaloid   d  5.     674-685=11  (9) 

Trap  d  5.     685-692=7  (6) 

86.  Feldspathic  melaphyre         (29)  (1152) 

Amygdaloid    d  5.     692-708=16  (13) 

Epidotic  with  white  amygdules  on  gray  ground. 
Trap  d  5.     708-728=20  (16) 

Amygdaloid  inclusion  d  5.     713-715 

Cf.  d  3.     61-128?  which  is  also  a  feldspathic  melaphyre.     The  three 
flows  ?  above  appear  in  d  3.     61-128  as  one? 

87.  Feldspathic  melaphyre  with  inclusions.         64  (1216) 

Amygdaloid    d  5.     728-743=15  (12) 

Trap  d  5.     743-807=64  (52) 

Faint  mottling,  at  758  and  767  amygdaloid  inclusions,  at  778  faint 
1-2  mm.  mottles  growing  finer. 

In  Cd.  3  we  have  from  d  3.  128-182=54  (45)  a  feldspathic  melaphyre, 
with  a  red  and  white,  then  greenish  gray,  and  gray  and  white,  with  pink 
prehnite,  amygdaloid,  with  an  amygdaloid  streak  d  3.  142,  then  a 
feldspathic  melaphyre  with  large  amygdules  of  pink  prehnite  and  a 
httle  copper  to  d  3.  182. 
Amygdaloid  d  5.     807-816  is  we  assume  =  d  3.     182-192- 


Central  mine  drill  hole  3.     940  feet  from  No.  5  in  a  direction  S.  18°  E.     About 
922  feet  across  the  strike.     Elevation  by  barometer  1223  A.  T.     Vertical  depth 
708  feet.     Dip  by  correlation  with  drill  hole  4  33°  §  leading  to  a  reduction  of  .83 
for  thickness.     This  is  making  d  3.     608-612  equivalent  to  d  4.     67-68,  a  sedi- 
mentary belt  characterized  by  an  unusually  fine  grained,  not  augitic  set  of  flows 
beneath.     The  only  indication  of  dip  in  the  hole  itself  is  an  amygdaloid  flow  con- 
tact at  about  371  feet  which  seems  to  dip  about  31°. 
Surface  d  3.     0-12. 
(82.  bis)   •      Feldspathic  melaphyre  d  3.     12-37=24-}-      (20) 
(83.  bis)         Feldspathic  amygdaloidal  melaphyre. 

Amygdaloid  d  3.     37-54=17     "  (14) 

The  feldspars  are  1  to  2  mm.  broad,  larger  than  usual,  but  uni- 
form, not  glomeroporphyritic,  more  doleritic  in  type,  a  coarse 
laumontitic  amygdaloid. 
Trap  d  3.     54-61=7     (6)  (20) 

Finer  grained. 
(84-86.  bis)    Feldspathic  melaphyre. 

Amygdaloid  d  3.     61-70?=9  (7) 

At  first  amygdaloid,  then  fine  grained,  marbled,  epidotic. 
Trap  d  3.70-3.128=58  (47)         (54) 

Dark,  dense,  epidotic  at  75,  grows  coarser  at  least  to  d  3.     100, 
a  feldspathic  melaphyre. 
87.  Feldspathic  melaphyre. 

Amygdaloid   d  3.     128-138        10  (8) 

Trap  d3.     138-182         44  (36)     (44) 
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Amygdaloid  streak  also  at  142,  pink  prehiiite  and  copper  are 
characteristic 

Below  the  base  of  the  Wolverine  sandstone  according  to  the 
correlation  used  (1-^1  u) 

88.  Feldspathic  melaphyre  (1263) 

Amygdaloid    d  3.     182-192=10  (8  +  ) 

Trap  d3.     192-239=47  (38  +  )     (47) 

Greenish,  hard  to  186,  poor  to  192,  at  194'  9"  crystals  in  cavities, 
apophyllite,  stilbite,  etc.,  doleritic  at  198,  at  234  green  epidote 
inclusion. 

89.  Melaphyre  (9)  (1272) 

Amygdaloid  d  3.     239-244=5  (4) 

Trap  d3.     244-250=6  (5) 

90.  Feldspathic  melaphyre  (5)  (1277) 

Amygdaloid    d  3.     250-252=2  (2) 

With  prehnite  quartz  and  copper  at  251'  3" 
Trap  d  3.     252-256=4  (5) 

91.  Melaphyre  (9)  (1^86) 

Amygdaloid    d  3.     256-258=2  (2) 

Gray,  rather  coarse 

Trap  d3.     258-267=9  (7) 

92.  Melaphyre  amygdaloidal  (11)  '  (1297) 

Amygdaloid    d  3.     267-278=11  (9) 

Greenish  gray 

Trap  d3.     278-280=2  (2) 

93.  Feldspathic  melaphyre  (74)  (1372) 

Amygdaloid    d  3.     280-285=5  (4) 

Trap  d3.     285-371=86  (70) 

Marked  contact  at  top  and  a  red  amygdaloid  passing  into  a 
coarse  gray  one  and  then  a  feldspathic  trap,  with  3  mm.  mottles 
at  344?,  and  epidote  at  369-370. 
The  dip  of  contact  is  31  °. 

94.  Feldspathic  ophite.  (182)  (1554) 

Amygdaloid    d  3.     371-374=3  (2) 

Brown  with  numerous  amygdules  of  pink  prehnite. 

Trap  d3.     374-595=221  (179) 

Generally  massive  feldspathic,  with  occasional  coarse  amyg- 
dules of  chlorite  or  prehnite,  doleritic  at  405.  Faintly  ophitic, 
7  mm.  across  at  440-464;  from  511-521  a  seam  nearly  parallel 
to  the  drill  of  prehnite,  quartz,  chlorite;  at  528  an  epidotic 
inclusion. 

95.  Feldspathic  melaphyre  (19)  (1573) 

d3.     595-608=d4.     40-67?  23 

From  d  3.  595-599  is  an  ophitic  bed,  mottled  pink  and  green 
like  castile  soap,  passing  into  a  plain  glomeroporphyrite;  from 
599  to  604  is  plainly  a  glomeroporphyrite;  at  604-6  is  like  595-9; 
then  it  relapses  into  glomeroporphyrite  once  more-608. 
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96.  Conglomerate.     Cf.  Old  Colony  sand.stone 

d3.     608-612=d4.     67-68=5  or  (4)  (1577) 


Fine  grained,  basic,  but  quite  distinctly  a  sediment.  This 
would  be  .somewhere  about  1600  feet  below  9.  Cf.  Arcadian  Belt 
76  which  is  968  below  the  Wolverine  sandstone,  and  only  12 
belts.  The  association  with  feldspathic  doleritic  ophites,  often 
slightly  and  coarsely  amygdaloid  with  prehnite  is  similar. 


Central  mine  drill  hole  U-  850  feet  from  No.  3  in  a  direction  S.  10°  E.  About 
840  feet  across  the  strike.  Elevation  by  barometer  1245  A.  T.  ^'ertical  depth 
675  feet.  Dip  by  correlation  with  drill  hole  3,  33°  §.  According  to  this  dip  the 
top  of  6  should  be  =  d  4.  540  and  d  6.  39  should  be  d  4.  579.  As  a  matter  of 
fact  the  glomeroporphyritic  character  and  fine  grain  of  the  flows  are  notable  points 
of  resemblance,  but  the  nearest  comparison  of  their  tops  must  be  d  6.  39=d  4.  501 
to  517  or  648  or  675+  which  gives  dips  respectively  of  30°  to  30°  §  or  37°.  From 
a  comparison  of  6  and  6A  we  get  (as  we  shall  see)  a  dip  of  about  36°  Avhich  indicates 
that  the  correlation  d  6.  39=d  4.  648  is  the  more  likely,  in  which  case  the  factor 
to  reduce  to  true  thickness  would  be  .81  instead  of  .83  for  33°  |. 

Overburden  to  ledge  40  feet. 

Feldspathic  faulted  ophite  40-67 

Sandstone  and  brecciated  amygdaloid  67-68'  3  " . 

Base  below  Wolverine  sandstone  (1577) 

97.  Porphyrite?  (80)  (1657) 

Amygdaloid    d  4.     68-69=1  (1) 

Trap  d4.     69-167=98  (79) 

The  amygdaloid  is  poor  and  the  trap  uniform  and  fine  grained. 

98.  Porphyrite?  (115)  (1772) 

Amygdaloid    d  4.     167-170=3  (3) 

Trap  d4.     170-309=139  (113) 

The  amygdaloid  is  greenish,  poor,  but  with  a  little  copper,  a  hard 
white  amygdaloid  with  prehnite  and  datolite.  The  feldspar  is  fine 
grained  and  feldspathic,  a  little  darker  and  coarser  toward  221.  There 
is  a  chloritic  seam  crossing  at  an  angle  of  11°  \  with  the  drill  core,  i.  e., 
perhaps  dipping  79°  from  the  horizontal  about  4.267'. 

99.  Glomeroporphyrite  feldspathic  (87)  (1859) 

Amygdaloid    d  4.     309-314=5         -  (4) 

Trap  d4.     314-417=103  (83) 

A  glomeroporphyritic  amygdaloid  with  calcite,  prelmite  and  a  trace 
of  copper,  then  fine  grained  and  porphyritic,  at  d  4.     354  amygdaloid 
bomb  with  speck  of  copper. 
100.     Glomeroporphyrite  (68)  (1927) 

Amygdaloid    d  4.     417-428=11  (9) 

Trap  d4.     428-501=73  (59) 

A  red  glomeroporphyritic  amygdaloid,  somewhat  brecciated,  epidotic, 
with  an  epidote  seam  directly  under  from  d  4.  431  to  433,  then  at  447 
a  faint  2  mm.  mottling,  yet  not  plainly  ophitic  or  due  to  the  augite,  of 
the  same  tj'pe  as  above  and  below. 
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101.     Glomeroporphyrite  (145)?  (2072) 


Amygdaloid    d  4.     501-508  or  514?=13  (11) 

Trap  d4.     514-675 +161  ?=1 32  + 

Begins  as  a  characteristic  red  glomeroporphyrite,  amygdaloid  in 
streaks,  a  coarse,  more  pronounced  glomeroporphyrite  (2  mm.)  from 
d  4.  508  to  511,  then  finer  to  514,  then  a  solid,  light  colored  feldspathic 
melaphyre,  with  chlorite  amygdules  the  rest  of  the  way;  at  585  there  is 
a  prehnite  chlorite  seam,  and  another  at  536  with  a  little  copper,  and  at 
648  an  amygdaloidal  streak  and  yet  it  is  jieither  ophitic  nor  doleritic  in 
spite  of  its  thickness,  but  of  a  well-marked  type,  toward  which  the  beds 
at  the  bottom  of  3  also  tend  and  those  in  6  and  6A. 


Central  mine  drill  hole  6.  845  feet  from  No.  4  in  a  direction  S  10°  E.  or  about 
835  feet  across  the  strike?  Elevation  by  barometer  1260  feet.  Vertical  depth 
801  feet.  Dip  by  correlation  with  6A  which  starts  from  the  same  point  at  a  dip  of 
64°  .5  calling  d  6A.  290=d*6.  352  is  35 °i  The  reduction  factor  to  get  thickness 
will  accordingly  be  .81.  Correlating  with  Hole  7,  the  top  of  it  should  be  equivalent 
to  d  6.  610.  The  nearest  correlation  we  can  get  to  this  is  d  6.  650-801,  a  coarse 
feldspathic  and  ophitic  doleritic  flow,  with  d  7.  37-257.  The  grain  at  the  bottom 
of  6,  10  mm.,  would  indicate  that  the  bottom  would  be  at  d  6.  950  or  some  such 
point,  but  the  grain  at  d  7.  37  indicates  that  the  top  of  the  flow  is  not  much  above, 
perhaps  corresponding  to  d  7.  0.  It  seems  likely  that  this  rather  unusually  large 
flow  is  correctly  correlated  and  comparing  d  7.  0  with  d  6.  650  and  d  7.  257 
with  d  6.  950  we  get  a  dip  of  36°  f  to  38°  \,  which  agrees  well  enough  with  a  pro- 
gressively increasing  dip  to  the  South. 

Overburden  33  feet 

We  probably  make  no  large  error  in  assvmning  d  6.     39=Cend. 

d  4.     675+  or  below  the  Wolverine  (2072) 


Begins  in  a  fine  grained  trap  with  small  chloritic  dots. 

102.  Glomeroporphyrite  (37)  (2109) 

Amygdaloid    d  6.     39 
Trap  d  6.     -85 

Begins  with  small  pink  feldspar  phenocrj'^sts  1  mm.  long,  ap- 
pears coarse  at  44,  then  at  54  finer  and  from  60-73  a  fine  dense 
trap,  then  glomeroporphyritic  from  73-85,  but  the  flow  boundary 
is  very  doubtful. 

103.  Glomeroporphyrite.  (44)  (2153) 

Amygdaloid   d  6.     85-87=2  (2) 

Trap  d6.     87-140=53  (43) 

The  general  habit  along  here  is  that  of  the  porphyrites  and 
Ashbed  group.  From  d  6.  85-87  is  amygdaloid  with  empty  or 
chloritic  amygdules,  then  light  greenish  gray  and  from  101  on 
very  faintly  mottled.  At  113  it  is  typically  feldspathic  with 
cliloritic  spots,  and  then  grows  finer. 

d  6.     39-140  (82  feet)  correspond  to  6A.     36-112  (75)  feet. 
39 
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104  &  105.     Glomeropori)hyrite  (62)  (2215) 

Amygdaloid    d  6.     140-145=5  (4) 

Amygdaloidal  trap  d  6.     145-217=72     (.58) 

This  begins  red  glomeroporphyritic  with  chloritic  amygdules, 
becomes  coarsely  amygdaloid  and  feldspathic  to  160.  A  calcite 
■  seam  at  an  angle  of  42°  with  the  core  (perhaps  nearly  perpendi- 
cular to  the  dip)  cro.sses  at  171.  Toward  the  bottom  it  becomes 
a  little  darker  and  faintly  mottled,  but  the  feldspar  laths  remain 
conspicuous,  being  2-3  mm.  long  at  205.  This  belt  d  6.  140-217 
(64)  corresponds  to  6A.  112-171?  (.58).  The  heavy  bottom  belt 
of  trap  is  well  marked  and  characteristic,  the  top  is  amygdaloidal 
and  we  see  in  comparing  the  two  holes  the  irregularities  of  flow 
in  the  amygdaloids. 
106.  Glomeroporphyrite  (110)  (2325) 


Amygdaloid    d  6.     217-220=3  (3) 

Trap  d  6.     220-352==132  (107) 

The  amygdaloid  is  red,  glomeroporphyritic  with  chlorite  and 
some  calcite  amygdules,  then  remains  fine  grained  down  to  273 
when  a  faint  mottling  begins.  At  278,  304,  315  there  is  a  some- 
what doleritic  texture.  From  2  mm.  at  339  the  mottling  gets 
finer  (at  341  1  to  2  mm.)  to  the  bottom. 

This  d  6.  217-352  (122)  agrees  with  d  6A.  171-290  (117) 
both  in  the  thickness  and  the  general  glomeroporphyritic  char- 
acter and  fine  grain  with  an  ophitic  tendency  tow-ard  the  base 
only  about  20  feet  above  it.  This  is  not  so  pronounced  a  glomero- 
porphyrite as  the  beds  above  it. 
107.  Glomeroporphyritic  feldspathic  ophite.  (157)  (2482) 


Amygdaloid    d  6.     352-357=5  (4) 

Trap  d  6.     357-544=187  (153) 

In    this    flow   although    it    begins    with   a   glomeroporphyritic 
amygdaloid   and   remains   fine   grained   and   feldspathic   to   367, 
there  is  a  much  plainer  ophitic  mottling,  beginning  from    3S0- 
304;  at     406,     451,     454.    496?  feet  we  appear  to  have  mottles 
(116),    (78),     (76),     (40) 
4-5,       4,         5-7,       3 
mm.  across,  being  plainer  than  anj-thing  above  in  Hole  6  or  5. 
From  376.9-379.9  there  is  a  well-marked  vein  of  prehnite  with 
copper;  at  397-400  it  is  doleritic  with  feldspar  laths  5x1  mm;  at 
406'  5''  there  is  a  vein  with  datolite  crystals;  at  413  it  is  doleritic; 
at  415  there  is  a  speck  of  copper,  at  425  there  is  datolite.     The 
base  is  uniform.     Correlating  d  6.     413  with  6 A.     339  we  have 
a  dip  of  about  36°  I. 
108.  Glomeroporphyrite?  (9)  (2491) 

Amygdaloid    d  6.     544-552=8  (6) 

Trap                 d  6.     552-555=3        "  (3) 

This  is  a  poor  red  amygdaloid  and  the  belt  probably  belongs 
with  the  one  above  or  below. 
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109.  Glomeroporphyrite.  (4)  (2495) 

Amygdaloid    d  6.     555-558=3  (3) 

Trap  d6.     558-560=2  (2) 

The  amygdaloid  is  red  glomeroporphyritic,  the  trap  coarse, 
feldspathic,  with  chloritic  dots. 

110.  Glomeroporphyrite  (8)  (2503) 

Amygdaloid    d  6.     560-563  (or  6?)=3      (3) 
Trap  d6.     563-570=7  (6) 

The  amygdaloid  is  a  brecciated  glomeroporphyrite  with  chlorite 
amygdules  to  563,  and  remains  fine  grained  and  somewhat  amyg- 
daloid to  566,  then  feldspathic,  with  the  feldspar  1  to  2  mm.  long. 

111.  Glomeroporphyrite  (65)  (2567) 

Amygdaloid    d  6.     570-572=2  (2) 

Trap  d6.     572-650=78  (63) 

Amygdaloids  like  these  above,  then  a  feldspathic  melaphyre, 
coarsest  (one  feldspar  3  to  4  mm.  x  1  mm.)  from  614  to  641,  at 
times  red,  toward  the  base  finer  and  glomeroporphyritic. 

112.  Glomeroporphyritic  ophite  (205) -f-?  (2772) 

Amygdaloid    d  6.     650-665=15  (12) 

Trap  d  6.     665-801'  3"=136+     (110)     122  + 

Amygdaloid  glomeroporphyritic-653  passing  into  coarse  chlor- 
itic; the  trap  beginning  grayish  green  feldspathic  gradually  be- 
coming mottled  and  ophitic,  at 
677,      685,      700,      731,      801' 3.  the  mottles  are 

2,  3,         4,      5+,        10     mm.  across;  doleritic  at  687-9. 

The  grain  being  as  coarse  at  the  bottom  as  elsewhere  we  should 
infer  at  least  as  much  more,  were  it  not  that  in  these  feldspathic 
and  glomeroporphyritic  ophites  the  coarsest  mottling  is  generally 
much  nearer  the  base.  The  thickness  according  to  the  usual 
formula  for  augite  mottling  would  be  still  more  than  140- -|- 16 
from  the  bottom  of  the  hole  (180'  below  it),  so  that  the  total 
thickness  would  be  more  than  262- -1- 16  feet  in  all. 

Now  Hole  7  is  900  feet,  or  890  feet  perhaps  at  right  angles  to 
the  strike  from  No.  6,  and  20  feet  higher  so  that  the  bottom  of 
d  6.  801  at  a  dip  of  36°  10"  would  correspond  to  d  7.  171.  It 
is  therefore  to  be  expected  that  this  heavy  ophite  should  appear 
at  the  top  of  it,  and  we  do  indeed  find  that  it  begins  under  the 
drift  at  37  feet  with  a  doleritic  streak  and  a  coarseness  of  2-3  mm. 
and  that  the  same  belt  continues  to  d  7.  257'  6",  being  coarsest 
near  155  feet.  Taking  grain  and  all  into  account  it  seems  as 
though  the  doleritic  streak  d  6.  687  might  be  at  the  same  level 
as  that  at  d  7.  37  which  would  imply  a  dip  of  37°.  In  such 
case  the  top  of  the  flow  should  have  come  at  70,  and  the  bottom 
at  d  6.  907.  It  is  possible  that  my  estimate  of  the  grain  at 
801  feet  was  somewhat  exaggerated. 
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Central  mine  drill  hole  6 A.     From  the  same  station  as  6  but  only  414  feet  deep 
and  at  an  angle  of  (54.5°  so  as  to  cut  the  beds  more  nearly  affright  angles,  really  at 
about  80°,  so  that  the  reduction  factor  is  about  .985. 
Overburden  36  feet. 

(102.  bis)   Glomeroporphyrite.  (20) 

Amygdaloid    d  6  A.     36-41=5  (5) 

Trap  d  6  A.     41-56?=15  (15) 

(103.  bis)   Glomeroporphyrite  (51) 

Amygdaloid    d  6  A.?     56-62=6  (6) 

Amygdaloidal  trap  d  6  A.     62-112=.50         (49) 

From  56-62  prehnite,  calcite,  epidote,^etc.,  and  a  little  copper, 
and,  I  suspect,  a  contact.  Thence  to  70  is  a  marked  glomeropor- 
phyrite with  chlorite  amygdules;  these  occasional  coarse  hard 
amygdules  of  prehnite  and  copper  continue  to  87  and  beyond.  The 
top  of  the  flow  is  very  uncertain,  and  very  probably  the  two  are 
really  one,  the  finer  part  being  merely  a  flowage  streak. 

(104.  bis)   Amygdaloid  d  6  A.     112-117=5  (.5) 

Amygdaloidal  trap  d  6  A.     117-127=10       (10) 

White  amygdaloid  with  radiated  greenish  prehnite  on  a  red 
ground  and  copper  (at  114)  passing  gradually  into  chloritic  amygda- 
loid forms  into  which  the  feldspar  laths  may  be  seen  to  project. 
At  117'  6"  the  general  color  tone  is  light  gray-green  with  white 
feldspar  laths  on  a  reddish  ground  and  radiated  chlorite.  One 
fine  grained  amygdule  of  radiant  chlorite  fibres  has  an  epidote 
center.     At  122  rock  becomes  seamed,  red,  hard. 

(105.  bis)   Glomeroporphyrite 

Amygdaloid  d  6  A.     127-130=3  (3) 

Amygdaloidal  trap  d  6  A.     130-171  ?=41     (40) 

The  amygdaloid  at  127  contains  some  copper,  and  also  flesh 
colored  crystals  of  a  greasy  luster,  and  coarse  chloritic  amygdules 
continue  at  least  to  a  seam  at  138  of  calcite  and  pink  feldspar  (?) 
making  an  angle  of  17°. 5  with  the  hole.  Comparing  this  with  the 
fissure  crossed  at  171  in  6  making  an  angle  of  42°  we  find  that  they 
cannot  be  made  to  agree  closely  at  all  and  that  if  the  seam  is  at  all 
the  same  it  is  irregular  so  that  the  angle  at  which  it  cuts  the  hole 
has  not  much  meaning.  Still  it  must  be  in  a  general  way  not  far 
from  normal  to  the  dip. 

Below  is  a  fine  grained  trap. 

(106.  bis)   Amygdaloid  d  6  A.     171-179  (8) 

Trap  d  6  A.     179-215-220  Fault?-290  (109) 

The  amygdaloid  is  brecciated,  i.  e.,  shattered,  with  quartz,  epi- 
dote, etc.,  and  below  it  is  seamed  but  plainly  getting  coarser.  At 
195  it  is  somewhat  amygdaloid  and  chloritic,-  a  bomb-like  inclus- 
ion. At  200  there  is  a  red  streak.  At  210  it  is  rather  dark,  and  a 
mottling  appears  (2  mm?) 

From  215-220  it  is  seamed  and  of  a  different  appearance  but  not 
amygdaloid  and  seems  to  get  coarser  to  268,  remaining  dark,  fine 
grained,  faintly  ophitic,  then  gets  finer  so  that  at  276  the  mottling 
is  1  to  2  mm. 

(107,  bis)   Glomeroporphyritic  ophite.  (122  +  ) 

Amygdaloid    d  6  A.     290-298  (8) 

Trap  d6A.     293-414+ (114)  + 
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The  amygdaloid  is  red  and  white,  tlie  trap  cut  with  seams  of 
datoHte  nearly  parallel  to  the  hole.  At  310  feet  the  mottling  ap- 
pears (2-3  mm.);  at  387  it  is  5  mm.?  and  the  rock  continues  coarse 
to  the  end;  at  339  it  is  doleritic,  the  same  streak  as  d  6.  413?  (im- 
plying a  dip  of  36°  10'). 


Central  mine  drill  hole  7.     900  feet  from  No.  6  in  a  direction  S  10°  E  or  about 
890  feet  across  the  ^strike?     Elevation  by  barometer  1280  feet,  and  the  land  is  a 
little  higher  1285  feet  A.  T.  between  this  and  No.  6.     Dip  by  correlation  with 
No.  6,  37°.     Reduction  factor  to  get  the  thickness  will  accordingly  be  .795. 
"Overburden  to  ledge"  d  7.     0-36. 

112.  Feldspathic  ophite  d  6.     650-801'3"  +  =d  7.     36-257.6 

36-37  is  doleritic  with  feldspar  2-3  mm.  long  and  chloritic  interstices 
very  plain;  at  43,  1  to  2  mm;  at  41,  epidote;  from  46  to  48,  51'  6"-55  and 
79-81  are  streaks  of  chloritic  amygdaloid,  probably  inclusions;  at  62  it 
is  very  light  colored,  and  on  the  whole  it  is  faintly  mottled  and  felds- 
pathic.    The  mottling  is: 

43,  70,  75,  94,        127,        155,        233 

(168),     (147),     (143),     (128),     (109),       (41),       (11)      • 

1-2,  3,       4-5,  5,  6,  7,        1-2 

Comparing  this  grain  as  a  whole  with  that  at  the  bottom  of  6  would 
indicate  that  the  top  of  the  flow  was  really  near  d  7.  30  and  diminish 
its  thickness  to  190  feet,  while  at  the  same  time  they  would  indicate 
that  the  base  in  6  was  only  60  feet  or  more  below  801,  the  rate  of  de- 
crease being  exceptionally  fast,  making  it  only  180  feet. 

Base  assumed  below  Wolverine  sandstone  (2772) 

113.  Ophite  (203)  (2975) 

Amygdaloid    d  7.     257' 6"-267  or  276=1S  (15) 

Trap  d7.     276-514=238  .        (187) 

Begins  with  a  well-marked  red  amygdaloid  with  small  white  and 
epidotic  amygdules  to  267,  then  but  slightly  amygdaloid  fine  grained 
and  porphyritic  with  occasional  small  feldspar  crystals,  to  273. 

Then   a   poor  amygdaloid    (possibly  having   a   definite   contact,   but 
probably  a  mere  streak)  to  276.     Then  feldspathic,  chloritic  and  some- 
w^hat  amygdaloidal  nearly  to  290,  when  the  ophitic  mottling  begins  in 
a  dark  resinous  trap  as  follows: 
at  310,      327,      343,      410,      427,      465,         483,        498,     514 

(160),   (147),   (135),     (82),      (68),     (38),        (24),       (12)  feet 

2,      4-5,      5-7,  7,        10,      5-7,         3-5,  2,    mm.    contact 

The  increase  from  the  bottom  seems  to  be  unusually  rapid  1  mm.  in 
7  feet. 

The  trap  is  very  dense  and  fine  just  above  this  contact  which  is  well 
marked  with  a  dip  of  6  or  7  to  10,  i.  e.,  31°  to  35°,  while  some  chlorite 
seams  at  399  with  some  interesting  red  amygdules  dip  28  to  10,  19°  f 
from  the  vertical. 

114.  Glomeroporphyrite?  melaphyre  (29)  (3003) 

Amygdaloid    d  7.     514-520=  6  (5) 

Amygdaloidal  trap  d  7.     520-549=29  (23) 

Begins  with  a  red  amygdaloid  with  small  calcite  and  epidote  aniyg- 
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dules,  then  at  520  becomes  feldspathic  almost  glomeroporphyritic  (cf. 
these  glomeroporphyritic  flows  with  those  up  Isle  Royale  and  Huron 
streets  south  of  Houghton)  with  occasional  epidote  calcite  amygdule 
spots,  and  at  549  quite  epidotic  amygdaloid. 

115.  Amygdaloid  d  7.     549-550=1         (1)  (11)  (3014) 

Amygdaloidal  trap  d  7.     550-563=13  (10) 

Red  with  chlorite  amygdules  (base  of  previous  flow?)  changes  to  yel- 
lowish green  with  large  coarse  amygdules  of  epidote,  calcite  and  quartz 
-554  then  begins  to  get  red  again  and  brecciated  and  slightly  amygdaloid, 
then  light  yellow  to  563.  We  have  along  here  apparently  a  number  of 
gushes. 

116.  Doleritic  ophite  (270)4-  (3284  +  ) 

Amygdaloid    d  7.     563-567=4  (4) 

Trap  d  7.     567-8184-  (at  least  100  feet  probably)=251 4- 

Begins  with  a  well-marked  red  amygdaloid  with  quartz  and  epidote 
amygdules  to  567,  then  massive  yellowish,  fine  grained  to  570,  then 
reddish,  fine  grained  to  604  where  it  begins  to  be  faintly  mottled;  the  red 
bed  above  seems  quite  characteristic.  Dolerite  streaks  are  numerous 
below  and  characteristic,  at  648-652  (feldspar  6-8  mm.  long)  at  658,  660, , 
662,  668,  674-677,  691,  703,  710-776,  and  804-818  (feldspar  10  mm.  long 
and  2  or  3  broad,  and  augite  10  mm.  across.) 

The  augite  mottling  is  as  follows: 
at  604,      615,      623,      635,      645,      679,      804-818 
begins        1-2,      2-3,      4-5,  5,        10,  10?     mm. 

The  end  of  the  section  then  appears  to  be  about  3174  feet  below  the 
Wolverine  sandstone  in  a  series  of  large  heavy  ophites,  which  remind 
one  of  ophites  at  the  lower  part  of  the  Arcadian  section,  but  without  the 
scoriaceous  brecciated  amygdaloid  tops  which  there  appear. 

This  Copper  Falls-Central  section  gives  as  good  a  chance  as  any  to  get  the  thick- 
nesses of  some  of  the  important  groups  rigorously. 

The  Lake  Shore  traps  are  (200) 

The  Great  (Copper  Harbor)  conglomerate,  4700  feet  broad  is  perhaps        (2200) 
The  Eagle  River  group,  Marvine's  (c)  to  45  through  44  (1150) 

(some  cut  out  by  a  fault?)  Marvine  gives  1417 

The  Ashbed  group   b.    from  66  through  44  (Marvine  618)        (560) 
a.    from  the  "diorite"  (Marvine  925)  or 

the  Mesnard  epidote  to  the  Ashbed      (1020)  (1580) 

The  Central  group  from  the  Mesnard  epidote  to  the  Allouez 
slide  (nearly  equivalent  to  the  Diorite  group,  Marvine)  (1193  + 
87  +  )?  (1324) 

from  Allouez  15  to  Wolverine  sandstone 
No.  9  (3442) 

Balance  in  Central  section  (3284) 

Estimate  to  Bohemia  conglomerate  8  (200) 


Total  Central  group  (8250) 

There  is  something  like  a  mile  of  Bohemia  Range  group  below  at  a 
steep  angle  (5000) 


Total  Lower  Keweenawan  (18,380) 
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My  impression  is  that  this  is  an  under-estimate  and  that  several  hundred  feet 
have  been  cut  out  by  slide  faults. 


§7.     EAGLE  RIVER-CLIFF  (FIGS.  34  AND  35.) 

This  is  historically  an  important  section,  since  the  Eagle  River  gives  the  best  and 
most  continuous  natural  section  and  was  thus  used  by  Marvine  in  Volume  I  as  his 
type  section.  We  therefore  continually  refer  to  it  and  do  not  hestitate  to  refigure 
it  with  some  slight  modifications.  Eagle  River  gap  is  on  the  Phoenix  property  and 
is  now  being  explored  by  the  Keweenaw  Copper  Company. 

On  the  way  we  pass  in  Section  28  the  Natick  Gap  leading  over  to  the  Humboldt 
property  (Sections  16  and  21)  probably  marking  a  considerable  vein  or  throw. 
Close  to  the  Eagle  River  Gap  is  the  Phoenix  property.  Then  we  come  to  the  Eagle 
River  section  described  in  Volume  I,  Part  II,  pages  117  to  140,  so  that  we  need  only 
reproduce  it  in  Figure  34  and  give  a  condensation  here. 

-2,  and  -1,  Ss.  16872  and  16871  are  the  Great  Copper  Harbor  conglomerate.  Then 
we  have  in  the  EAGLE  RIVER  series: 

(1)  Ai  and  M,  (2)  Ss.  and  conglomerate,  (3)  M,  (4)  Ss.,  (5)  M,  (6)  Ss.,  (7)  M, 
(8)  Sp.  16869  Ss.,  (9)  M  Ss.  16864-16868,  (10)  A  and  M,  (11)  AM,  (12)  A  and  M,  (13) 
ophitic  melaphyre  with  prehnite,  copper  and  datolite,  (14)  (15)  and  (16)  me- 
laphyre  (709) 

(17)  Ss.  and  conglomerate,  (18)  M  with  pink  prehnite  (Sps.  16863  to  16860)  (19)  Ss., 
(20)  AM.  (21)  Ss.,  (22),  (23),  (24)  and  (25)  AM,  (26)  Ss.,  (27)  AM,  (ophite),  (28) 
Ss.  (1159) 

(29)  AM,  (30)  AM,  (31)  AM,  (32)  (13)  A  and  M,  (33)  (10)  A  and  M,  (34)  (14)  A  and 
M,  (35)  (28)  Ss.  (fault)  (1272) 

(36)  (21)  A  and  M,  (.37)  (16+10)  A  and  M  and  covered,  (38)  (14)  M  (Sp.  16859) 
(39)  (80)  M  (Sp.  16858  and  16857,  ophite),  (40  and  41)  (54)  covered,  (42  and  43) 
(50)  M  largely  covered,  (44)  sandstone  top,  to  scoriaceous  amygdaloid  (1417) 

This  is  the  end  of  the  Eagle  River  series  structurally  as  Bed  45  is  one  of  the  Ash- 
bed  diabases  or  melaphyre  porphyrites  in  type,  and  Marvine  draws  the  line  here. 
The  bed  above  No.  44  is,  however,  an  amygdaloid  conglomerate  of  the  type  of  those 
below  rather  than  those  above,  the  last  typical  sandstone  being  35 

ASHBED  GROUP  (45)  brittle  fine  grained  M,  Sps.  16856-168.54,  (86  feet)  (1503) 
(46),  (47)  Sps.  16853-16850,  (48),  (49),  (50),  (51),  (52),  (53),  (54),  (55)  Thin  AM's 
with  altered  olivine,  laumontite,  prehnite  and  copper  in  foot  of  amygdaloid  zones 

(1630) 
(56),  (57)?  (58)  M,  (59)  and  (60)  AM  and  M  (61)  and  (62)  AM  and  M  (Sp.  16848) 

(63)  seam  of  sandstone  (I  think  Beds  64  and  65  may  be  the  same  bed,  Sps.  16847  and 
16846B),  (1810) 

(64)  A,  AM  and  M  fault,  (65)  A,  AM  and  M  (16847-16846)  '  (1990)? 
■  I  have  examined  one  of  the  Wisconsin  sections  of  this  bed  as  follows: 


Bed  65,  Eagle  River  section,'''  February  24,  1909.  A.  C.  Lane.  Section 
4607  U.  of  Wis.  See  Journal  of  Geol.,  1908,  p.  772  analysis.  Is  too  thick. 
Augite  color  up  to  .000948 -^.029^. 033mm -f- .  Ashbed  diabase.  Bed  65  Eagle 
River  section,  sample  No.  7  of  Rohns  collection. 

lA  stands  for  amygdaloid. 
M  stands  for  melaphyre. 
Ss    stands  for  sandstone. 
2See  Fig.  34  in  envelope. 
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Augite  is  in  granules  generally,  here  and  there  in  patches  beginning  to  be  poi- 
kilophitic.  The  granules  are  .10  to  .05  mm.  in  size  anrl  smaller.  A  few  large  pieces 
apparently  left  from  an  early  coarser  crystallization  run  up  to  .2-3  mm. 

Feldspar  is  quite  varied  in  size,  glomeroporjjhyritic,  the  largest  aggregate  is 
3.5  mm.  x  2;  composed  of  laths  each  about  1.5  x  0.3.  Albite  twins  parallel  M  (010) 
21°.5  ex  with  25°.5  and  14°.  2.  The  largest  grain  is  Ab75  An25.  The  small  feld- 
spar laths  probably  nearly  at  right  angles  to  P.  and  to  M  are  about  15  x  .03  mm; 
ex  4,  3-6,  4-5,  0-0,  1,  3  ave.  3°,  and  supposing  them  perpendicular  to  M  and  parallel 
to  P  indicate  between  Ab3  An  and  Ab5  An3.  Olivine  pseudomorphs  into  green  ser- 
pentine and  red  iron  oxides  are  generally  irregular  and  not  very  common.  0.5  mm. 
is  the  largest.     They  are  probably  corroded  remnants. 

Iron  oxides  (magnetite)  are  in  triangular  octahedral  sections  up  to  about  .35  mm. 
It  is  quite  abundant  original.     There  is  some  secondary. 

Green  substances  replace  olivine  and  feldspar  phenocrysts  and  possibly  fill  mia- 
rolitic  interstices. 

This  is  an  (oligoclase)  melaphyre  porphyrite  of  the  ashbed  type.  As  A.  N.  W. 
says  it  is  related  to  Irving's  bed  87.  Cf.  in  the  Isle  Royale  section,  Volume  VI, 
Pt.  1,  pp.  173,  174,  213  foot  of  page.  See  15515  (a)  of  PI.  V,  15438;  Fig.  4,  PI. 
VI,  p.  67,  15437-15441  Hole  IX  328-385,  which  is  as  I  made,  the  equivalent  flow 
on  Isle  Royale.  It  is  a  lucky  coincidence  that  I  figured  just  this  flow.  (See  also 
pp.  159,  67,  170.) 

This  is  probably  near  the  center  of  the  flow,  at  any  rate  quite  augitic  and  not 
near  the  top. 

The  analysis  made  for  Winchell  is  also  given  in  Chapter  II. 

(67)  A,  AM  and  M,  and  (68)  A,  AM  and  M  (I  think  one  bed)  (69)  A,  AM  and  M 
(Sp.  16843),  (70)  A  and  AM  "  "  (2211) 

(71)  A  and  M,  (72)  M  part  covered  (2288) 

(73),  (76)  and  (78)  AM  and  M  [porphyrites]  part  covered,  (79)-  (81)  covered, 
64  feet?     First  sandstone  south  of  Ashbed  (2496) 

(82)  AM  and  M,  (83)  Sandstone  3  inches  and  Am.  conglomerate,  (84)  A  and  il 
porphyrite,  (85)  sandstone,  (86)  A  and  M,  (87)  A,  A  and  M  and  M,  Ss.  16840-16842 
(154)  ^  (2840) 

(This  is  the  glomeroporphyrite  to  ophite  analyzed  by  Pumpelly,  (Ch.  II)  the 
phenocrysts  sometimes  red  and  sometimes  green 

Covered  (position  of  the  Mesnard)  

CENTRAL  GROUP 

(90)  M  (part  of  91?)  Sp.  16839  (2927) 

(91)  Aphanitic  diorite,  Sp.  16838  (94)  (3021) 
(Upper  bed  like  the  Greenstone  and  ophite  and  as  no  distinct  amygdaloids  were 

recognized  perhaps  a  part  of  it) 

(91  to  108)  Marvine  classes  as  diorites  (sometimes  separating  the  light,  what  we 
call  doleritic,  tyi^e  and  the  dark  more  poikilitic  type,  as  separate  beds.  (92),  (93), 
(94),  (97),  (98),  (100),  (102),  (104),  (106)  are  dark;  (107)  is  alternating  light  and 
dark,  the  coarsest  "hornblende"  [augite]  being  4  inches  in  diameter,  108  is  the 
bottom  (412)  feet) 

Total  thickness  87  to  108  (1280)     (4120) 

Ss.  16839,  38,  36,  35,  34  and  33  are  from  Beds  90,  91,  92,  93  and  94  respectively. 

Wis.  Coll.  No.  4605.  Sec.  4605  is  from  the  "Greenstone"  ophite.  Eagle  River 
section  Bed  108,  (See  Journal  of  Geology,  1908,  p.  772  and  A.  N.  Winchell's  des- 
cription. See  also  Geol.  Sur.  Mich.,  Vol.  I,  Pt.  II,  p.  136)  is  the  lower  412  feet  of 
the  flow. 
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Section  is  thick  since  birefraction  for  feldspar  is  up  to  650  mm. — '  for  augite  is 
up  to  1350  mm. — «  i.  e.  0.06  mm.? 

Augite  is  in  polysomatic  grains  and  patches  up  to  3.7  mm;  the  largest  seen  is 
4.2  mm..  With  this  coarseness  one  can  not  be  sure  of  the  grain.  It  is  much  cut  up 
by  the  feldspar.  The  larger  iron  oxides  and  olivine  are  crowded  away  from  the 
center  of  the  augite  patches. 


Ex. 

Ex. 

Ex 

.       Ex. 

Feldspar     (M) 

18.7 

21.4 

26 

39.9 

retardation 

430 

430 

Cf.  Ab,,  Ani  + 

292.6 

318.2 

264.2- 

w  K  271? 

biref 

270 

400 

Near  M 

293 

300 

282 

biref 

200 

200 

Its  composition  is  near  Michel  Le\y's  Abg  An4  or  (fig.  194  in  Rosenbusch)  AbjAng 

Iron  oxides,  also  occur  in  poikilitic  patches  enclosing  the  feldspar  1  to  .5  mm.  in 
diameter.  The  feldspar  is  older.  Patches  tend  to  be  equant  with  traces  of  tri- 
angular section. 

Olivine,  (owing  to  the  thickness  it  is  not  easy  always  to  tell  it  from  the  augite), 
is  in  about  .2  mm.  rounded  granules,  one  grain  .5  mm? 

Green  substances,  chlorite  mainly,  in  interstices,  probably  miarolitic. 

This  is  a  typical  luster  mottled  melaphyre  or  "ophite"  as  I  have  called  them. 
(See  Vol.  VI,  I,  pp.  156  and  158)  The  feldspar  checks  well.  (See  also  pp.  74, 
125-127,  136-137,  167,  175).  The  specimen  was  probably  35  to  60  feet  from  the 
base  of  the  flow. 

The  a^nalysis  given  in  the  Journal  of  Geology  (and  also  in  Ch.  II)  should  be  com- 
pared with  Volume  VI,  Part  I,  pages  147,  215,  VII,  X,^  XIV*  and  Ovitz's  analysis. 
Notable  are  the  close  checks  in  Al,  Ca,  Naj.  The  variation  in  SiOo  +  TiOj  may  be 
analytical.  That  from  Fe  to  Fe^  is  important.  I  cannot  understand  the  absolute 
absence  of  KjO  in  the  analysis  by  the  U.  S.  Geological  Survey. 

(The  Allouez  conglomerate  is  omitted,  being  cut  out  by  the  slide.  The  remaining 
beds  are  ophites,  with  amygdaloid  tops,  cut  in  the  workings  of  the  Phoenix  mine. 

(109)  AM  and  M  (42) 

(110)  AM  and  M  (24) 

(111)  AM  and  M  (82) 

(112)  AM  and  M  (31) 

(113)  AM  and  M  (24) 

(114)  AM  and  M  (15) 

(115)  AM  and  M  (9) 

(116)  AM  and  M     '  (12) 

(117)  AM  and  M  (28) 

(118)  AM  and  M  (20) 

(119)  AM  and  M  (57)  115  feet  wide 

(120)  AM  and  M  (18) 

(121)  AM  and  M  (103)     (7   mm.   ophite,    probably  the 

Mandan  ophite  mottles  "0.3  inch"). 


(122)  AM  and  M  465 

(123)  AM  and  M 


sThere  are  muspriiits,  Fe20.i  should  be  2.86  and  CaO  10.28. 
■*An  old  and  hence  inaccurate  analysis  of  the  same  flow. 
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Cliff  Mine  Section. 

This  Cliff  mine  section  (Fig.  35)°  by  Mr.  Klepetko,  dates  from 
before  my  time.  I  have  not  thought  it  desirable  to  have  it  redrawn. 
One  may  see  in  the  older  reports  of  commissioners  of  Mineral 
Statistics  a  map  which  shows  the  impression  the  amygdaloid  bands 
give  in  mining  near  a  cross-vein  where  the  alteration  and  pseud- 
amygdaloid  effect  is  so  great  that  without  careful  study  it  is  im- 
possible to  make  out  the  belts.  Were  I  making  up  the  section  anew 
no  doubt  I  should  use  a  trifle  different  language.  But  the  main 
horizons,  the  Calumet  and  Kearsarge  conglomerates  and  the  Kear- 
sarge  amygdaloid,  are  correctly  determined.  I  think.  The  mottled 
gray  trap  at  the  bottom  of  Hole  A  may  be  Maniton  3  bed  6G  (Fig. 
29)  a  10  mm.  ophite.  Drill  hole  E  and  Maniton  3  d  2  S.  agree  in 
their  w^ell-defined  ophites.  The  heavy  bed  of  trap  second  above 
the  Calumet  conglomerate  persists  (Manitou  3.  Bed  42). 

The  Houghton  conglomerate  is  not  shown  but  it  is  very  often 
an  amygdaloid  conglomerate  in  the  Manitou  3  section.  It  is  the 
eleventh  soft  belt  about  600  feet  below  the  Allouez  conglomerate 
and  here  we  found  amygdaloid  flow.  No.  2,.  at  just  the  same  num- 
ber of  belts  and  distance  from  the  "slide." 

There  has  been  much  recent  drilling  on  this  section. 

§8.     KEARSARGE  LODE. 

After  leaving  the  Cliff  there  has  been  but  little  done  in  the  way 
of  systematic  sectioning  until  we  cross  Allouez  Gap  and  come  to 
Calumet.  The  attention  of  mining  men  has  of  late  been  focused  on 
the  Kearsarge  lode.  This  has  been  followed  almost  continuously, 
not  merely  in  tlie  sections  here  given,  but  in  numerous  other  holes, 
pits  and  explorations.  It  is  clearly  identifiable  in  the  Mandan 
(Fig.  25)  and  has  been  repeatedly  struck  in  drill  holes  and  a  shaft 
has  been  sunk  upon  it,  though  in  the  Empire  and  Clark-Montreal 
sections  it  is  not  so  clearly  identifiable  and  may  be  cut  out.  In 
the  Manitou  it  was  well-defined  and  specimens  have  been  obtained 
showing  copper  well.  It  is  located  on  the  Central  property,  and 
was  identified  by  Hubbard  on  the  Miskwabik,  Section  5,  T.  57  N., 
R.  31  W.  It  was  met  again  on  the  Cliff  and  beginning  at  the  south 
end  of  this  property  at  the  Ojibway,  it  has  been  drilled,  explored 
and  mined  at  very  frequent  intem-als.  Yet  while  the  sections  are 
in  some  respects  similar,  they  are  in  others  different. 

For  the  thirty-two  miles  that  has  been  followed,  the  large  pheno- 

«In  envelope. 
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crysts  of  feldspar  persist,  sharply  distinct  from  the  ground  mass 
(Plate  VII  the  two  cores  in  the  third  row  from  the  left,  show 
lode  and  foot)  and  from  each  other,  but  very  little  agglomerated. 
The  Wolverine  sandstone  persists  as  a  sandstone,  though  it  varies 
enormously  in  thickness.  It  is  curiously  lacking  in  the  felsitic 
debris  which  is  so  conspicuous  above.  When  thick,  it  is  dark  red, 
but  it  may  be  verv-  epidotized  and  turned  yellowish.  A  slide  may 
cut  it  out  entirely. 

The  porphyritic  ti'ap  which  is  the  foot  of  the  Kearsarge  lode  is 
an  ophite,  but  the  mottling  does  not  show  close  to  the  margin.  The 
rate  of  increase  (A)  is  less  than  half  that  in  the  Greenstone.  It 
is  in  some  places  one  heavy  bed  100  to  over  200  feet  thick.  On  top 
of  this  will  be  the  well-marked  cupriferous  amygdaloid  which  is 
the  Kearsarge  lode  and  then  there  will  be  no  difficulty  in  identifica- 
tion. But  this  is  not  everywhere  so.  In  places  it  will  be  broken  up 
into  successive  gushes,  each  with  its  own  amygdaloid  and  decrease 
of  grain  due  to  cooling.  Besides  this  there  may  be  irregular  streaks 
of  amygdaloid  in  the  bottom  of  the  trap.  A  few  illustrative  sec- 
tions may  be  given,  taken  between  the  Cliff  and  the  Franklin 
Junior.  (a)  While  at  the  Cliff  the  distance. from  the  Kearsarge 
to  the  Wolverine  sandstone  was  about  90  feet  and  the  Kearsarge 
foot  was  thick  and  characteristic,  at  the  Ojibway  there  is  a  little 
red  sandstone  not  far  above  the  Kearsarge  amygdaloid  (cf.  Cald- 
well Hole  1,  at  148  feet)  and  there  are  from  four  to  eight  streaks 
of  Kearsarge  amygdaloid  witbin  140  feet  above  the  Wolverine  sand- 
stone. The  lode  enters  near  the  north  quarter-piost  of  Section  13, 
T.  57  N.,  R.  32  W.  The  shafts  are  sunk  in  the  foot  wall,  so  that 
the  drifts  over  to  the  lode  give  numerous  very  short  sections. 
Though  so  near  the  Gratiot  there  are  here  a  number  of  amygdaloid 
belts.  The  formation  is  badly  faulted  just  here.  I  am  tempted 
to  connect  this  fact  with  certain  gaps  in  the  Greenstone  Range 
as  shown  on  Plate  IX. 

(b)  The  Seneca  is  the  next  property  and  has  the  outcrop  of 
tlie  lode  in  the  northwest  quarter  ,of  Section  23,  T.  57  N.,  R.  32 
W.  The  exploration  by  this  company  upon  the  lode  was  not  done 
in  time  to  be  incorporated  here. 

(c)  Gratiot  Mining  Co.  This  is  a  subsidiary  of  the  Calumet  and 
Hecla  just  beyond  the  Mohawk  and  less  than,  a  mile  from  the  Ojib- 
way. Gratiot  drill  hole  SI,  Section  27,  T.  57  N.,  R.  32,  is  a  vei-A- 
typical  hole.  The  angle  of  hole  is  55°,— practically  at  right  angles 
to  the  dip. 
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1 .  Ophite,  Kearsarge  hanging  (30  4- ) 

Trap  d  31.     28-58 

2.  Kearsarge  amygdaloid  and  foot  (202) 

Amygdaloid    d  31.     58-66 
Foot  trap        d  31.     66-260 

Large  porphyritic  crystals  of  labradorite  are  abundant,  but  it  is  also 
mottled;  at  104,      145,      154,      191,      230  feet 

the  augites  are  2,  3,  4,        (5),     1-J  mm.  across. 

The  rate  of  increase  A=.000127.     Abnormal  for  an  ophite,  but  char- 
acteristic for  this. 

3.  Wolverine  (25) 

Red  sandstone  d  31.     260-280 

Fine  grained,  red,  at  right  angles  to  core 

Basic  amygdaloid  conglomerate  280-285 

4.  Amygdaloid  (5) 

Poor  d  31.     285-290 

The  beds  here  are  easy  to  identify.     The  Kearsarge  amygdaloid  is  also 
opened  up  by  shafts. 

(d)  Next  is  the  Mohawk  mine  in  which  the  amygdaloid  occurs  in 
two  forms,  a  red  and  a  hard  grey  or  green  form  near  the  cross- 
fissure  that  was  filled  with  Mohawkite,  etc.,  described  by  Koenig.^ 
In  some  parts  there  is  probably  a  double  lode.  The  lode  is  opened 
up  by  six  sliafts.  (See  PI.  IX).  See  also  the  discussion  of  the 
mine  waters,  Chapter  YII.  The  dip  varies  from  36°  to  38°  in 
Shaft  No.  5. 

(e)  After  passing  for  a  few  acres  into  the  Fulton  property  the 
Lode  is  next  developed  by  the  Ahmeek  mine.  Mr.  Frank  Klepetko 
gives  a  section  of  the  Alimeek  open  cut  as  follows,  dip  42°. 

At  0,  120,  320,  460  amygdaloids. 

At  740  Calumet  conglomerate  No.  13. 

From  base  of  Calumet  conglomerate  unexplored,  then: 

1050-1150  Trap;  1150-1170  am.,  to  1230  trap;  1230-1245  am.,  to 
1330  trap;  1330-1345  am.,  to  1545  trap;  1545  fluccan,  then  Kear- 
sarge conglomerate  to  1610  and  sandstone  to  1620.  From  base  of 
Kearsarge  conglomerate  1620 : — 

0-40  amygdaloid;  to  200  and  230  trap,  230-250  am.,  to  370  trap; 
370-380  am.,  to  450  trap;  440-460  am.,  to  480  trap;  480  am.;  then 
unexplored;  at  1130-40  Kearsarge  amygdaloid. 

(f)  It  is  next  tapped  by  the  Allouez  which  not  having  the  out- 
crop of  the  lode  had  to  come  down  on  it  by  a  shaft  nearly  vertical 
but  inclined  80°  aud  curving  into  the  dip  of  the  lode.  This  gives,  of 
course,  a  section  above  the  lode,  but  it  was  much  prolonged,  being 
cut  obliquely  and  belts  appear  on  one  side  of  the  shaft  at  greater 
depths  than  on  the  other. 

1.     L.  S.  M.  I..  1901,  pp.  62-64.      Am.  Jour.  Sci.,  1900,  p.  439. 
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(§)  The  next  property  is  the  North  Keai'sarge  opened  by  shafts 
on  the  lode,  now  a  part  of  the  Osceola  Consolidated  and  controlled 
by  the  C.  &  H. 

(h)  Next  comes  the  Wolverine,  the  gretit  success  on  the  Kear- 
sarge  lode.  As  this  is  a  small  property  the  management  have  done 
some  cross-cutting  to  to  see  what  they  have,  so  that  there  is  a 
pretty  good  section  here.  In  different  parts  of  the  mine  there  is  an 
east  and  west  vein, — at  least  two  amygdaloids. 

The  dip  is  40°  to  41°,— 411/4°  at  the  24th  level  of  Shaft  3. 

In  the  8th  and  13th  levels;  we  have  above  the  lode  beginning  at 
the  north  end  in  each  case  and  reading  down,  trap  and  amygdaloid 
alternating. 


Wolverine  8th  Level  Cross-Ctjt 

No. 

Width. 

Thickness. 

Water  fresh,  T.  48°  F.,  Sp.  Gr.  1.001- 

14 

33 

Trap 

31 

(53) 

Amygdaloid  (including  a  separate  flow) 

13 

36 

(23) 

Trap 

43 

(28) 

Marked  am.  gray  and  white,  wet 
Trap 

12 

12 
38 

(33) 

Marked  am. 
Ophite  fine  grained 

11 

15 
40 

(36) 

Perhaps  not  top  of  flow,  water  has  Sp.  Gr.  1.000- 
Trap 

10 

9 
30 

(25) 

Marked  hard  amygdaloid  9  17 

Trap  36 

A  mere  skein,  chloritic  large  amygdules  8  12 

Ophite,  5  mm  108  (112) 

Red  bordered  amygdaloid  7  9 

Fine  grained  trap  34 

6  7 

Fine  grained  trap  58  (70) 

Kearsarge  lode. 

The  13th  level  cross-cut  is  much  longer  and  reached  through  the 
Kearsarge  conglomerate. 

Wolverine  13th  Level  Cross-Cut 

The  Sp.  Gr.  of  the  water  in  this  was  1.000.  The  N.  W.  end  of  drift  from  the 
hanging  of  the  Kearsarge  amygdaloid  in  August  1905  was  distant  horizontally  1365 
feet. 
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Thickness 
Width.       Thickness,      above 
Trap  K.  A.  m. 

Kearsarge  conglomerate  No.  10,  dip  39°-40°  44  (29) 


Base  from  hanging  of  Kearsarge  amygdaloid  1323  (860) 

Amygdaloid  11 

Ophite  (augite  grain  2  mm.  31  feet  from  foot  of 

amygdaloid  95  (68) 

Amygdaloid  red  with  green  specked  amygdules,         22  (792) 

apparent   dip   of   contact   42°.     Trap;    coarse 

feldspathic,    with    decomposed    pseudamygda- 

loid  streaks  but  no  clear  division  164  (122) 


Amygdaloid 
Trap 

10 
97 

(70) 

(670) 

Amygdaloid 
drifted  upon 
Trap,  damp  about  30  feet  from  base 

11 
65 

(50) 

(600) 

Amygdaloid,  a  well-marked  band  and  character- 
istic, hke  No.  18 
Trap 

33 

74 

(70) 

(550) 

Amygdaloid  poor 
Trap 

5 

68 

(50) 

(480) 

Amygdaloid 
Trap 

6 
23 

(19) 

(431) 

Amygdaloid  with  well-marked  contact 
Trap  (a  seam  of  laumontite  crosses  the  drift  strik- 
ing more  west  and  dipping  to  north) 

10 

84 

(62) 

(412) 

Amygdaloid  with  side  drift,  marked, 

coarse,  pink  and  white  and  chloritic 
Trap,  ophite 

26 
45 

(46) 

(350) 

Amygdaloid.     This  belt  is  at  the  bottom  coarse, 

laumontitic,  blotched  and  includes  one  or  two 

separate  small  flows  with  genuine  marked  amyg- 

daloids  at  the  top  and  pipe  amygdules  at  the 

base  of  the  next  flow,  at  e  g.     49  feet  from  the 
■■"^'base  and  at  the  very  top  No.  18  88  (26)  (304) 

Trap,  solid  ophite 40 (58) 

Amygdaloid  marked  calcitic  with  red  No.  17  22  (220) 

ground 
Trap  a  good  deal  specked  and  skeined  with  am. 


not  very  coarse 

138 

(104) 

Amygdaloid   carries  some   copper  and    was 
stoped  a  little,  and  a  long  drift  run  No.  16 
Trap 

24 
30 

(35) 

(116 

Poor  amygdaloid                                     No.  15 
Trap 

5 
120 

(81) 

At  55  feet  from  foot  was  a  seam  dipping  steeply  to  the  south  yielding  a  fresh 
water,  Sp.  Gr.  1.000,  T.  51°. 
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The  section  below  the  lode  \rhicli  is  about  7  feet  thick  is  given  in 
the  cross-section  from  the  11th  level. 


Width. 


Total.       Thickness. 


287  ft.  to 

287 

(190) 

32 

319 

(21) 

87 

406 

(57) 

15 

421 

(10) 

205 

626 

(135) 

5 

631 

(3) 

64 

695 

(42) 

17.5 

712.5 

(11) 

103 

815 

(68) 

32 

849 

(21) 

Foot  of  lode 
Trap  (Porphyritic) 
Sandstone  (Wolverine)  No.  9 
Trap 

Amygdaloid 
Trap 

Amygdaloid 
Trap 

Amygdaloid  and  epidote 
Trap 

Amygdaloid 
This  is  typical,  like  the  Gratiot. 

(i)  The  lode  is  next  opened  by  the  South  Keai-sarge  branch  of 
the  Osceola  directly  on  the  lode. 

(j)  The  Centennial  folloM's  next  with  two  shafts  also  directly 
on  the  lode,  diverging  in  strike  and  dip,  the  S.  W.  one  38.5°.  tbe 
N.  E.  42°. 

(k)  Next  comes  the  Calumet  and  Hecla  Mining  Company  Kear- 
sarge  shafts  19  and  20  and  21.  to  locate  which  holes  were  drilled 
near  Kearsarge  19  and  20.  lettered  A.  D  and  C  while  B  and  others 
were  near  Keai-sarge  21.  These  are  given  below,  in  Section  9.  See 
also  Figure  37. 

(1)  Between  20  and  21  the  lode  passes  into  the  Laurium  prop- 
erty. Section  24.  T.  56  X.,  R.  33  W.  I  have  no  record  of  explora- 
tions here. 

(m)  Beyond  the  Calimiet  Shaft  21  the  lode  just  cuts  the  corner 
of  the  Torch  Lake  property.     (See  Section  10  and  Fig.  38.) 

(nj  It  next  goes  into  the  property  of  the  La  Salle  Mining  Com- 
pany, Section  34,  T.  56  X..  R.  33  W.,  and  the  north  part  of  3  and 
4,  T.  55  N.,  R.  33  W.  The  north  part  is  the  old  Tecumseh,  the  south 
part  the  old  Caldwell.    Here  are  some  difficult  sections  as  follows : 


La  Salle  Mining  Co.  This  property  includes  the  old  Tecumseh  and  adjacent 
lands  near  the  S.  line  of  T.  56N  R.  33W  (Section  34,  33.  E.  half  and  S.  E.  of  S.  W.  of 
32;  N.  half  of  3;  N.  half  of  4;  and  N.  half  of  S.  E.  of  4)  including  practically  the  lands 
between  the  Osceola  and  the  Rhode  Island. 

The  holes  on  the  south  part  of  this  property  show  a  not  uncommon  phase  of  the 
Kearsarge  amygdaloid  in  which  a  number  of  amygdaloids  occur.  The  same  thing 
occurs  at  the  Ojibway  and  on  the  Rhode  Island.  But  down  at  the  Arcadian  sec- 
tion it  is  all  together  again. 

See  the  correlation  under  Bed  3. 
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Caldwell  drill  hole  1.     I  mile  E.  and  J'"inile  S.  of  N.  W.  corner  of  Sec.  3,  dip  45° 
toS50°E. 

1 .  Overburden  (40) 

2.  Feldspathic  ophite  (80) 

Amygdaloid  Cald.  d  1.  40  to  47? 

1  to  2  mm.  chlorite  mottles,  red  to  a  colder  gray,  with  forms  sug- 
gesting pseudoamygdules  after  porphyritic  crystals;  at  the  end  red, 
white  and  gray  epidotic. 
Amygdaloidal  trap  d  1 .     47  to  5S 

Red    with   green    amygdule.s,    then    gradually    coarsely   amygdaloid 
and  feldspathic. 
Trap  d  1.     58  to  120 

Chloritic,  blotched  with  an  epidote  laumontitic  seam  at  22°,  grows 
coarser  toward  83,  at  92  poor,  specked  and  finer,  at  102  mottles  begin 
(3-4  mm.)  then  finer. 
Cf.  62  Arcadian  d  1.     262  to  385 
C.  &  H.  C.  135  to  226 

3.  Melaphyre  (28) 

Amygdaloid  Cald.  d  1.     120  to  126 

Red  with  some  copper,  chloritic  and  pink  amygdules. 

Trapdl.     126  to  148 

Feldspathic  but  porphyritic  ciystals  are  not  well-defined. 

If  this  bed  is  the  bed  above  the  Kearsarge,  the  total  for  the  Kearsarge 
beds  with  the  various  splits  of  the  Kearsarge  amygdaloid  would  be 
133  feet,  which  checks  well  enough  with  Frankhn  Junior  No.  4  (133 
feet)  and  Rhode  Island  No.  4  639  to  746  feet.  (109) 

The  porphyritic  crj^stals  are  absent  in  this  bed  and  only  the  copper 
would  lead  one  to  suspect  that  the  top  was  the  Kearsarge. 

The  bed  below  is  certainly  Kearsarge. 

We  may  perhaps  best  compare  the  following  beds: 

1.  "l4S  to  281=(133)  ft.  with  five  beds  (14),   (31),   (22),   (34),   (32) 
feet  thick: 

2.  72+; 

3.  63  to  93+; 

4.  202  to  311==(109)  with  five  beds  (7)?,  (14),  (28),  (15),  (45),  feet 
thick; 

5.  49  to  151+  a  vertical  hole=(73  +  )  feet  with  four  beds  (9+),  (12), 
(18),  (28  +  )  ft.  thick; 

10.     528  to  628  a  vertical  hole  (71)  feet  with  three  beds  (30),  (18),  (17) 
feet  thick; 

Tecumseh  1.  228  or  256  to  410  (154)  in  one  bed; 

Rhode  Island  1.     333  to  463  (130)  with  at  least  three  beds  (48), 
(34),  (48)  feet  thick; 

63  Arcadian  (1.  358  to  428  +  2.  42  to  143)  109  feet  thick. 
We  call  these  beds,  but  their  irregularity  and  the  similar  peculiar  trap 
between  each  of  them  show  that  they  are  presumably  overlapping  gushes 
of  the  one  flow.  They  are  not  repetitions  by  faulting,  for  when  the  bed 
is  really  one  thick  flow,  as  at  the  Tecumseh  and  farther  north,  the  grain 
is  different  and  an  ophitic  mottling  comes  out  characteristic  of  thick  flows. 

4.  Sediment  (0) 

Just  a  little?     Much  lost,  fissure? 
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5.  Beginning  of  Kearsarge  No.  1,  porphyritic  traps  (plagiophyres)  (14) 

Amygdaloid  d  1.     148  to  155 

Epidotc  and  gray  or  white  amygdaloid. 
Trapdl.     155  to  159 ^ 
Amygdaloid  d  1.     159i  to  160 
Trapdl.     160  to  ie2i 

With  marked  porphyritic  crystals. 

6.  Kearsarge  amygdaloid  and  foot  No.  2  (31) 

Amygdaloid  d  1.     162*  to  164 

Contact  well  marked,  only  5°  from  right  angles  to  core. 
Trapdl.     164-193 

Porphyritic. 

7.  Kearsarge  amygdaloid  and  foot  No.  3.  (22) 

Amygdaloid    d  1.     1P3  to  205 
Trap  d  1.     205  to  215 

PorphjTitic 

8.  Kearsarge  amygdaloid  and  foot  No.  4  (34) 

Amygdaloid    d  1.     215  to  221 

Gets  Ughter,  epidotic  at  base. 
Trap  d  1.     221  to  249 

9.  Kearsarge  No.  5  (32) 

Amygdaloid    d  1.     249  to  253 

With  copper. 
Trap  d  1.     253  to  281 

From  d  1.     255  to  267  very  fine  grained  with  few  phenocrysts,  at 

281  is  \eTy  fine  grained;  at  295  is  a  fi.ssure  at  5°  from  right  angles  to 

the  core,  but  a  seam  makes  18°. 

10.  Wolverine  sandstone  No.  9  (7) 

d  1.     281  to  288 
Beneath  is  broken  and  fissured,  with  a  calcite  vein. 

11.  Melaphyre  (14) 
Amygdaloid 
Trap 

12.  Melaphyre  (4) 
Amygdaloid 
Trap 

13.  Melaph>Te  (10) 
Amygdaloid 
Trap 

With  clasolites. 

14.  Melaphyre  (4  +  ) 

Amygdaloid  d   1.     316  to  320.     Practically  these  are  all  one  heavy 
amygdaloid  belt  which  does  not  seem  to  appear  in  the  Arcadian  section. 


Caldwell  arill  hole  2.     About  100  feet  N.  of  No.  1  Caldwell  along  the  strike. 

1.  Overburden  to  d.  2.25  (125) 

2.  Feldspathic  melaphyre  (47) 

Amygdaloid  Cald.  d  2.     25  to  39 
Green  and  white  specked  amygdules. 
Trap  Cald.  d  2.     39  to  72 

Coarsest,  feldspathic  about  48,  then  finer. 
41 


d  1. 

288  to  295 

dl. 

295  to  302 

dl. 

302  to  305 

d  1. 

305  to  306 

dl. 

306  to  312 

d  1. 

312  to  316 
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3.     Kearsarge  amygdaloid  and  trap 
Amygdaloid  d  2.     72  to  75 

Red  with  small  porphyritic  crystals. 
Amygdaloidal  trap. 

Coarse,  cf.  Cald.  d  5  at  62  feet. 


Caldwell  drill  hole  S.     Further  N.  W.,  therefore  it  should  strike  the  same  point 
at  a  greater  depth. 

1.  Ophite  38+ 

Trap  d  3.     0  to  38 
Coarse  5  mm.  mottles. 

2.  Ophite  25 

Amygdaloid    d  3.     38  to  45 
Trap  d  3.     45  to  63 

Fine  grained,  laumontitic  ophite. 

Cf.  d  2.     25  to  72 

3.  Kearsarge  amygdaloid  and  foot 

Amygdaloid    d  3.     63  to  74 

Epidotic,  red  at  first,  at  64  a  contact  showing  inclination?  at  67  the 
odd  shaped  pseudoamygdules  which  may  be  after  the  porphyritic 
feldspar,  which  is  yellow-green,  blue-green  and  white;  epidotic  amygda- 
loid to  d  3.     74. 

Trap  d3.     74  to  93  + 

Regular  Kearsarge  foot. 


Caldwell  drill  hole  4- 

Overburden  (73) 

1 .  Feldspathic  ophite 

Amygdaloidal  trap  d  4.     73  to  147 
Coarse  at  first  and  growing  coarser. 
At  SO  and  115  feet  there  are  mottles 

3-4?  and  5-7  mm. 
At  142  is  a  vertical  seam  with  copper  nearly  parallel  to  the  core. 

2.  Melaphyre. 

Amygdaloid    d  4.     147  to  157 

Hard,  fine  grained,  with  scattered  amygdules. 
Trap  d  4.     157  to  166 

3.  Ophite 

Amygdaloid    d  4.     166  to  173 
Amygdaloidal  trap  d  4.     173  to  187 

Poor,  some  signs  of  porphyritic  crystals. 
Trap  d  4.     187  to  202 

Ophitic?  fine  grained  and  decomposed  at  191-2 

Here  at  202  feet  begin  the  Kearsarge  group. 


4.    Kearsarge  amygdaloid  and  foot  No.  1  (7) 

Amygdaloid    d  4.     202  to  209 

Growing  finer,  reddish,  with  porphjrite  crystals  to  209. 
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At  209  ;;n  epidotic  contact  nearly  at  right  angles  to  the  hole. 
Trap  d  4.     209  to  223 

Fine  grained  reddish  porphyrites,  not  amygdaloid  to  223. 

5.  Kearsarge  amygdaloid  and  foot  No.  2 

Amygdaloid    d  4.     223  to  227 

Small  chloritic  amygdules  were  like  the  bottom  of  a  flow. 
Trap  d  4.     227  to  251 

Seamed  and  decomposed  at  the  top,  some  joints  nearly  parallel  to 

the  hole.     Porphyritic  crj'stals  conspicuous,  grows  finer  from  244  down 

6.  Kearsarge  amgdaloid  and  foot  No.  3 

Amygdaloid    d  4.     251  to  258 

Epidotic 
Trap  d  4.     258  to  266 

Typical  Kearsarge  foot.     The  labradorite  phenocrysts  are  as  much 

as  30  mm.  long. 

7.  Kearsarge  amygdaloid  and  foot  No.  4 

Amygdaloid    d  4.     266  to  269 

Epidotic    . 
Trap  d  4.     269  to  311 

Contains  some  big  porphyritic  crj-stals,   toward  the  base  becoming 

a  dense  blue-black  trap. 

8.  Wolverine  sandstone  (No.  9)  at  (311) 

Small  fragments  of  conglomerate  and  crushed  stuff"  below. 
Cf.  64  Arc.  2.     178 

9.  Feldspathic  ophite  7  mm.  (66) 

Trap  d  4.     311  to  377 

About  1  mm.  mottles  at  first,  chloritic  not  porphyritic,  at  d  4.     323  is 
a  little  seam  with  copper,  faulting  below,  and  mottles  up  to  7  mm. 

Cf.  65  Arc.     2.     178  to  262 

10.  A  vein  from  369  to  377. 

11.  Ophite  (83) 

Amygdaloid    d  4.     377  to  381 

Pink  amygdviles  on  dark  ground. 
Trap  d  4.     381  to  392 

Amygdaloid  bomb,  not  contact,  392  to  394? 
Trap  d  4.     394  to  460* 

Ma.ssive,  uniform,  ophitic,  growing  redder  and  finer  from  431  on.     Cf. 

66  Arc.     2.     262  to  315 

12.  Ophite  (15) 

.-^jiiygdaloid    d  4.     460^  to  465 

There  is  a  little  seam  of  sandstone,  banded. 
Trap  d  4.     465  to  475 

13.  Marked  sedimentary  contact  at  d  4.     475 

14.  Amygdaloidal  melaphyre  (58) 

Amygdaloid    d  4.     475  to  482 
Trajp  d  4.     482  to  483 

Fine  grained,  dark  chloritic,  with  basal  amygdules. 

Cf.  68     Arc.     2.     315  to  464   which  also  has  sediments  above  and 

below. 

15.  Conglomerate  d  4.     483  to  486  or  490 

Well-marked  felsitic  conglomerate.     Then  possibly  a  gray  trap  boulder 
from  486  to  488,  then  dark  basic  conglomerate  with  brown  sandstone  and 
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white  and  black  scoria,  shading  into  amygdaloid.  This  bed  182  feet 
only  below  the  Wolverine  is  quite  likely  to  be  mistaken  for  it,  and  prob- 
ably has  been  in  the  early  work  at  the  Tecumseh  and  elsewhere.  It  seems 
fairlj^  persistent.  Cf.  Belt  59  of  the  Central  mine  section;  Calumet  and 
Hecla  A  10,  401  to  405  ft.;  67  or  69  Arcadian,  about  133  to  286  ft.  below 
the  Wolverine;  Franklin  Junior  No.  3  at  535  to  539  ft.  where  the  Wol- 
verine is  at  373'  11"  to  376'  9". 

All  these  beds  show  under  the  Wolverine  heavy  ophites  with  a  tendency 
to  scoriaceous  amygdaloid  tops  containing  a  little  red  sandstone. 
16.     Feldspathic  ophite  (24  +  ) 

d  4.     490  or  less  to  d  4.     514  or  more. 


Caldwell  drill  hole  5.,   Vertical.     Hence  the  true  thickness  is  about  .7  of  that 
along  the  hole. 

1.  Overburden  top  49 

2.  Kearsarge  foot  9  + 

Trap  d  5.     49  to  62 

Fine  grained  at  first.  Along  from  56  to  58  this  has  large  porphyritic 
feldspar  crystals,  up  to  25+  mm.  and  is  a  fine  grained,  (say  2  mm.) 
ophite. 

3.  Kearsarge  amygdaloid  {not  the  uppermost  one)  No.  2  and  foot  (30) 

Amygdaloid  d  5.     62  to  79  17 

Typical  Kearsarge  amygdaloid,  a  clay  seam  at  d  5.     72,  after  which 
it  is  coarser. 
Trap  d  5.     79  to  97 

Porphyritic  greenish  gray  plagioclase.  At  95  they  become  pinker 
and  so  more  conspicuous. 

4.  Kearsarge  amygdaloid  and  foot  No.  3  (25) 

Amygdaloid    d  5.     97  to  104 

Marked  epidotic 
Trap  d5.     104  to  112 

Fine  grained  to  106,  then  coarser  with  the  porphyritic  plagioclase 

plain. 

5.  Kearsarge  amygdaloid  and  foot  No.  4  39+  (28+) 

Amygdaloid    d  5.     112  to  120 

Epidotic  with  pink  crystals 
Trap  d5.     120  to  151  + 

Matches  No.  4  at  281  to  313;  fine  grained,  black. 


Caldwell  drill  hole  6  did  not  reach  ledge. 

\    Caldwell  drill  hole  7  dipped  with  the  lode. 

7*" Caldwell  drill  hole  10.  Vertical.  To  determine  the  top  of  the  Kearsarge  amyg- 
daloid for  their  shaft.  From  indications  in  the  drill  cores  the  dip  is  about  (tan-1 
5:4)  51  °  \,  but  this  is  not  comparable  in  accuracy  with  the  correlation  by  dip. 
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1.  Overburden  ^^ 

2.  Ophite  ^     ' 

Trap  J  10.     38  to  56 

3.  Ophite  34  P4) 

Amygdaloid    d  10.  56  to  07 

Trap  cl  10.  67  to  CO 

Faintly  mottled. 
4      Fine  grained  melaphyre  10  ^  > 

Amygdaloid   d  10.  £0-96 

Trap  cllO.  96-100 

5.  Melaphyre  ^^  ^'' 

Amygdaloid    d  10.     100  to  110 

Contact  at  110  sharp,  red,  fine  grained,  dip  (tan-1  5:4=51°^) 

6.  Feldspathic  ophite  "^2  (  3) 

Amygdaloid   d  10.     110  to  124 

Specked  at  119  pink,  faintly  mottled,  prehnitic. 
Trap  dlO.     124  to  142 

7.  :Melaph\Te    *  ^  ^  ' 

Amygdaloid    d  10.     142  to  145 

Gray 
Trap  <1  10.     145  to  151 

Finegrained. 

8.  Ophite  11'  ^^^> 

Amygdaloid   d  10.     151  to  160 

Coarse  red  and  pink 
Trap  d  10.     160  to  253=268? 

Fine  grained,  specked  with  amygdaloid  to  181,  3  mm.  mottles  191  to 
204,  2  mm.  at  221,  growing  finer. 

The  relatively  slow  decrease  of  grain  shows  the  oblique  section  of  the 
bed.     There  are  chloritic  amygdules  at  about  d  10.     253 
9     Feldspathic  melaphyre  -11  (-  ) 

Amygdaloid    d  10.     268  to  278 

Pink  and  white  amygdules,  almost  like  pseudamygdules  after  por- 

phyritic  feldspar. 
Trap  (i  10.     278  to  309 

Chloritic  with  rather  coarse  feldspar,  red  to  309. 
Flows  10  and  11  are  probably  all  one. 
10.     Feldspathic  ophite         (7  mm?)  ('    ^ 

Amygdaloid    d  10.     309  to  311 
Trap  tl  10.     311  to  337  to  415 

Chloritic  and  specked;  at  337  epidote  with  copper.  About  345, 
2  mm  feldspar,  coarsely  feldspathic  and  about  370,  12  mm.  feldspar 
and  faint  (7  mm?)  augite  mottles.  Toward  412  it  grows  finer  and 
reddish.  Cf.  R.  I.  d4.  535  to  611,  and  Caldwell  d  4.  73  to  147,  and 
Arc.  62  d  1.  262  to  385,  or  should  this  correspond  to  d  10.  451  to 
527? 
11.     Melaphyre  ^^  ^^^^ 

Amygdaloid    d  10.     415  to  433  ,       ■  , 

Marked   contact,    fine   grained   amygdaloid    with   red    ground,    pink 
amygdules  and  feldspar  to  426,  then  epidotic  to  433. 
Trap  d  10.     433  to  451 

Blotchetl  to  441,  epidotic  to  444,  decomposed,  coarse  to  449.     tf. 
R  I.d4.     611  to  624;  Caldwell  d  4.     147  to  166. 
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12.  Ophite  (64) 

Amygdaloid    d  10.     451  to  462 
At  459  much  seamed  and  fine. 

Trap  d  10.     462  to  527 

Blotched  and  faulted  parallel  to  a  fault  at  22°  with  the  core,  then 
chloritic,  coarse,  feldspathic,  mottled  2  to  3  mm.  at  about  510,  altered 
olivine  at  513,  joints  at  31°  to  core  perpendicular  to  dip?  At  527  a 
seam,  perhaps  cutting  out  something.  Cf.  R.  I.  d  4.  624  to  631  and 
631  to  639;  Caldwell  d  4.     166  to  202;  CaldweU  d  1 .     148. 

13.  Kearsarge  amygdaloid  and  foot  No.  1  43  (30) 

Amygdaloid    d  10.     528  to  530 

Specked  amygdules,  epidote  and  porphyritic  crystals. 

This  is  only  (528  to  620)  92  feet  above  the  Wolverine  along  the  core 
or  something  like  (65)  feet  true  thickness.  There  appears  to  have 
either  been  something  cut  out  in  this  hole  or  doubled  in  some  of  the 
others,  and  as  the  less  disturbed  and  more  regular  the  grain  is,  the  more 
nearly  we  have  the  customary  thickness  of  over  100  feet,  it  is  probable 
that  the  formation  is  cut  out  here. 

Trap  d  10.     530  to  571 

Well-marked  porphyritic  labradorite. 

14.  Kearsarge  amygdaloid  and  trap  No.  2  (18) 

Amygdaloid    d  10.     571  to  580 

Well-marked  epidotic  with  porphyritic  crystals  to  573,  with  calcite 
and  green  prehnite  to  580. 
Amygdaloidal  trap  d  10.     571  to  596 

Porphyritic  crystals  not  marked  to  585,  some  sediment  and  por- 
phyritic crystals  to  589,  some  especially  long  green  ones  to  596, 

15.  Kearsarge  amygdaloid  and  foot  No.  3  24  (17) 

Amygdaloid    d  10.     596  to  600 
Trap  d  10.     600  to  612 

Mottles  i  mm.  at  600  to  601 ;  porphyritic  crystals,  well-marked 
Amygdaloid    d  10.     612  to  620 

Cf.  R.  I.  d  4.     725  to  746 
63  Arc. 

16.  Wolverine  sandstone  19  (13) 

Sandstone       d  10.     620  to  634 

Dip  48°  I 
Conglomerate  d  10.     634  to  639  or  665 

Much  brecciated,  shading  into  amygdaloids  with  numerous  slips  at 

an  angle  of  40°,  and  broken  and  disturbed  sandstone  and  conglomerate. 

Cf.  Caldwell  d  4,  at  311,  R.  I.  d  4  at  746,  64  Arc. 

17.  Ophite 

Amygdaloid    d  10.     665  to  683 

Trap  d  10.     683  to  699 

Ophite  with  1-2  mm.  mottles.  Cf.  4.  311 +  .  In  holes  less  deep 
the  sandstone  is  mainly  gone  and  here  it  is  the  overhanging  Kearsarge 
amygdaloids, — an  effect  which  might  be  produced  by  an  upthrust  on 
a  fiat  hade. 
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Tecumseh.  X.  E.  part  of  Sec.  34,  T.  56  N.,  R.  33  W.,  near  shaft.  R.  M.  Edwards 
put  down  two  holes.  Having  put  down  No.  I  about  at  right  angles  to  the  forma- 
tion, and  stnick  the  Kearsarge,  lie  then  went  back  to  the  outcrop  of  the  Kearsarge 
and  in  Hole  No.  2  aimed  at  a  point  265  feet  down  in  Hole  1,  thus  dipping  with  the 
formation  at  an  angle  of  about  42°,  and  remaining  in  the  lode  practically  all  the  way. 

No.  1  is  inclined  at  an  angle  of  45°. 

1 .  Overburden 

2.  Feldspathic  ophite  S  mm.  130+ ? 

Trap  dl.toSO  At  25,        45,        86 

mottles  are       8,  7,        1-2  mm. 

3.  Doleritic  melaphyre 

Amygdaloid  Tec.  d  1.     90  to  92 
Trap  d  1.     92  to  113 

Chloritic  doleritic  vein  92  to  93;  at  lOG  somewhat  glomeroporphyritic. 

4.  Doleritic  ophite     7  mm.  Ill 

Amygdaloid  Tec.  d  1.     115  to  122 

Poor,  perhaps  not  a  real  top,  with  small  amygdules  and  calcite. 
Trap  d  1.     122  to  226 

At  155  marked  doleritic,   coarse  feldspar  with  chloritic  amygdules, 

then  faintly  ophitic;  at  d  1.     205  and  212  feet  the  mottles  are  vaguely 

7  mm.  and  1  to  2  mm.  respectively. 

5.  Copper  bearing  lode,  feldspathic  melaphyre  (31) 

Amygdaloid    d  1.     226  to  228 

Red  and  white  with  copper.     Cf.  Cald.  d  1.    ,120  to  126  to  148. 
Trap  dl.     228  to  257 

Coarse,    feldspathic,   with   curious   amygdules,   but   no   plainly    por- 

phyritic  crystals. 

6.  Kearsarge  amygdaloid  No.  1  and  foot  (150) 

Amygdaloid   d  1.     257  to  274 
Trap  d  1.     274  to  407 

At  281  to  284  the  labradorite  crystals  are  quite  conspicuous.     The 
ophitic  mottling  becomes  apparent  at : 

305,      318,      342,      358,      388  feet  where  the  mottles 
are   2-3,      4-5,      7  +  ,      3-4,  2  mm. 

7.  Basal  amygdaloid  or  Kear.sarge  No.  2  (3) 

d  1.     407-410.     Coarse,  grayish  white,  with  copper. 
Gradual  transition  to  Wolverine  sandstone  by  epidote  band. 
This  was  first  mined  on  as  Kearsarge  amygdaloid. 

8.  Wolverine  sandstone  (11) 

Amygdaloid  conglomerate  d  1.     410  to  421 

Amygdaloid  and  gray  sandstone  within  7°  of  right  angles  to  core. 

9.  Melaphyre  (4) 

d  1.     421  to  424' 8" 

Crushed,  decomposed,  ending  in  feldspathic,  poor  amygdaloid. 


(o)  Rliode  Island,  Franklin  and  Arcadian.  The  Kearsarge  lode 
is,  I  think,  also  identifiable  in  the  Rhode  Island.  Franklin  and 
Arcadian  sections  described  below.  (Figs.  40,  41  and  42.)  Bevond 
to  the  south  I  have  not  yet  been  able  to  identify  it,  which  is  the 
more  strange  since  it  is  of  good  thickness  at  the  Arcadian  and  it 
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ought  to  be  expensed  somewhere  between  Houghton  and  Ilurontown 
where  I  have  made  tan^ful  search  at  its  horizon  without  identifying 
(he  peculiar  and  characteristic  trap,  tliough  exposures  are  fre- 
(pient. 

§9.     CALUMET   (PMGS.  -.id   AND  37   AND  PLATE   IX. )> 

The  cross-cuts  from  the  Calumet  and  Hecla  conglomerate  of  the 
Calumet  and  Hecla  Company  and  especially  the  system  of  hoisting 
Irom  an  inclined  lode  by  vertical  shafts  of  the  Tamarack  Mining 
Company  have  afforded  abundant  opportunities  for  sections  sum- 
marized in  Figures  3G  and  37.  The  sections  of  the  shafts  extend 
nearly  from  the  Copper  Harbor  conglomerates  to  the  Kearsarge 
lode,  which  was,  indeed,  reached  by  a  drill  hole  070  feet  from  the 
bottom  of  Tamarack  No.  2  shaft.  To  this  drilling  has  recently  been 
added,  so  that  through  the  Lower  Keweenawan  down  to  the  fault 
almost  every  belt  liable  to  contain  copper  has  been  opened  in  more 
than  one  place.  The  old  section  (which  we  owed  to  the  Calumet 
and  Hecla  Mining  Company)  published  in  Volume  Y  must  now  be 
replaced  by  one  more  up  to  date.  (Fig.  37.)  Sui-face  exposures 
indicate  that  the  marked  ridge  through  the  center  of  Section  34, 
T.  57  N.,  R.  33  W.,  is  conglomerate.  The  outer  Copper  Harbor 
conglomerate  is  on  the  lake  side  and  trap  on  the  southeast  and  it 
is  topographically  like  the  ridge  at  Carp  Lake  in  the  Porcupines. 
There  are  exposures  on  Section  34  and  Section  3  just  south  that 
would  seem  to  outline  for  us  nearly  the  position  of  the  Lake  Shore 
trap  belt  and  the  Great  Copper  Harbor  conglomerate.  With  the 
customary  strike  the  boundary  of  the  Upper  Keweenawan  would 
pass  close  to  the  northwest  comer  of  Section  IG.  The  drill  sec- 
tion is  as  follows:    All  the  drill  holes  were  inclined  45°  to  S.  55°  E. 


Calumet  drill  hole  10.  Elevation  390  feet  above  datum.  436  above  Lake  Super- 
ior, 1036  A.  T.  Location  880  NW.  down  hill  from  a  wood  road^  on  the  1079  ft. 
beach.  Water  flows  from  about  80  feet  depth,  temperature  43°.  3  F.  Analysis 
of  the  wate.r  is  given  below.  Dip  of  hole  45°;  of  rocks  probably  25°  (2:9)  Depth 
500  feet.  Reduction  to  get  thickness  (0.975) 
Overburden  56 
1.     Scoriaceous  or  amygdaloidal  conglomerate  d  10.     56-26  (10) 

2. 

Trap  d  10.     66-94^ 

Trap  and  green  epidotized  sediment  d  10.     94-100 

This  is  quite  possibly  clasolitic  or  enclosed  mud. 

Trap,  faintly  ophitic  d  10.-131  (65) 

'Figs.  36,  37  and  Plate  IX  are  in  envelope. 

2The  Standard  Mining  Company  put  down  a  hole  where  this  road  turns  off. 
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3.  Felilspathic  melaphyre  (12) 

Amygdaloid  d  10.     131-144 

Trap,  fine  grained  d  10.     144-163  (31) 

4.  Ophite  (3) 

Amygdaloid  d  10.     163-166 

Trap,  faintly  ophitic  d  10.     166-187  (21) 

5.  Ophite 

Amygdaloid  d  10.     187-213  (26) 

Trap,  faintly  ophitic  d  10.     213-239  (52) 

6.  Amygdaloidal  conglomerate  d  10.     239-255  (15) 

Bedding  apparently  cutting  core  at  (1:3)  18°^  from  right  angles. 

7.  Feldspathic  melaphyre  d  10.     255-278  (22) 

Fine  grained. 

8.  Melaphyre 

Amygdaloid  d  10.     278-295  (16) 

A  coarse  amygdaloid  with  thomsonite  (33) 

Trap  d  10.     295-312 

9.  Sandstone     d  10.     312-316  (4) 

Fine 

10.  Melaphyre  (30) 

Trap  d  10.     316-347 

11.  Melaphyre  (44) 

Amygdaloid  d  10.     347-358  (11) 

Trajj  d  10.     358-392 

Black 

12.  Feldspathic  melaphyre  (15) 

Amygdaloid  d  10.     392-395  (3) 

Very  faint,  but  contact  shows. 

Trap  d  10.     395-407? 

Fine  grained  with  1  mm.  feldspar  laths. 

13.  Ophite?  (43) 

Amygdaloid  d  10.     407-410?  (3) 

Laumontitic. 

Trap  d  10.     410-451 

Dark,  faintly  ophitic. 

Perhaps  part  of  Belt  12  above 

14.  Conglomerate.     The  Great  Conglomerate  of  Copper  Harbor. 

d  10.     451-500=d  9.     283-500 

Fine  grained,  bedding  at  about  12^°  from  right  angles  to  hole.  It 
contains  black  grains,  magnetite,  laumontite  and  calcite,  pebbles  of 
amygdaloid,  ophite  and  other  basic  rocks,  anorthosite?!  diabase,  syenite, 
etc. 

This  correlates  closely  with  d  9.  283,  and  the  dip  to  be  inferred  is  25°. 
(See  Fig.  36) 

All  of  Holes  8  and  7  are  in  this  bed  and  possibly  6  and  4,  so  there  can 
be  no  question  in  calling  it  the  "Great  Conglomerate." 


Drillhole  9.     Elevation  402.     400  feet  across  the  strike  southeast  from  10.     Depth 
550. 

Overburden  .  (47) 
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(5.)    Ophite  d  9.     47-65 

B'aint 
(6.)    Absent.     Local 
(7.)    Amygdaloid    d  9.     65-72 

Trap  d  9.     72-92 

Hard  and  dense  d  9.     86-90 
(8.)    Amygdaloid    d  9.     92-99 

Marked  at  first,  turning  to  red  feldspathic  with  occasional  amygdules. 

At  103-105  a  green  rock  with  minute  amygdules,  like  an  altered  mud. 

Amygdaloidal  trap  d  9.     99-113'  6" 

Toward  the  base  red 
(9.)    Brecciated  sediment  or  slide  d  9.     113' 6"-116=d  10.     312-316? 
(10.)   Trap  d  9.     116-203 

Faintly  ophitic 
(11  and  12.) 

Amygdaloid  d  9.     203-205 

Amygdaloid  trap  d  9.     205-232 

Trap  d  9.     232-251 

Fine  grained,  dark 
(13.) 

Amygdaloid  d  9.     251-257  (6) 

Red  and  green,  feldspathic,  poor. 

Trap  d  9.     257-283  (26)  (32) 

Fine  grained 
14.     Conglomerate.     The  Great  Copper  Harbor  Conglomerate 

d  9.     283-500 

At  322  dark  red  shales,  at  12^°,  while  lower  beds  are  at  18°  and  24° 

from  being  at  right  angles  to  the  drill  core. 

The  difference  is  probably  dip  of  deposition. 


Calumet  drill  hole  8.  Elevation  437.  720  feet  southeast  from  No.  9,  the  other 
side  of  two  roads  at  about  440  and  620  feet.  The  overburden  was  50  feet  thick. 
The  depth  was  510  feet,  all  in  conglomerate.  Dip  (8:36)  averages  24°  from  right 
angles  to  core. 

(14.)  The  conglomerate  was  fine  grained  like  the  bottom  of  No.  9,  but  also 
coarser  with  syenite  and  dolerite  pebbles, — Keweenawan  material. 


Calumet  drill  hole  7.  Elevation  470.  690  feet  from  No.  8.  The  overburden  is 
uncertain.  It  seems  like  20  feet,  then  30  feet  of  soft  conglomerate,  then  20  feet  of 
sand.     The  depth  was  512  feet  all  in  conglomerate.     Dip  13.5:54. 

(14.)  There  was  much  basic  sandstone  and  debris.  The  conglomerate  was 
fine  grained. 


Calumet  drill  hole  6.  Elevation  508.  720  feet  from  No.  7.  Overburden  99. 
About  60  feet  deep.  The  depth  was  1110  feet.  Dip  (9.5:36)  about  as  before. 
From  80-840  was  conglomerate  with  pebbles  of  fine  grained  trap  not  uncommonly, 
and  much  sandstone  of  basic  debris;  at  131  was  a  fluccan 
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15.  Trap  d  6.     840-868  (27) 

A  fine  grained  trap,  possibly  a  boulder  or  intrusive.  There  was  no 
amygdaloid  above  but  one  below  for  two  feet.  I  should  have  counted 
it  only  a  huge  boulder  were  it  not  that  something  similar  comes  in  Hole  4. 

16.  The  rest  of  the  way  was  basic  sandstone  and  pebbles. 


Calumet  drill  hole  4-  Elevation  517.  1367  feet  from  No.  6.  There  is  a  road 
crossing  the  line  of  section  at  1040  to  1070  and  the  profile  is  at  530  elevation.  Depth 
500  feet.  Dip  (6:27)  about  as  before.  Overburden  40  feet  on  the  incline,  30  feet 
thick. 

14.  Great  Copper  Harbor  Conglomerate  continued,     d  4.     40-188 

With  syenitic  pebbles  frequent,  also  large  dark  pebbles  of  fine  grained 
trap,  less  of  basic  sandstone,  more  of  conglomerate. 
Total  thickness  from  d  9.     283         about  (1400) 

15.  Trap  d  4.     188-224  (36) 

Fine  grained,  with  no  amygdaloid  above  or  below  and  little  sign  of 
variation  of  grain; — a  boulder  or  a  sill?  But  the  correlation  with  Hole 
6  precludes  the  boulder  idea.  It  seems  fine  for  a  sill,  but  deserves  farther 
examination.  From  the  foot  of  this  trap  it  is  estimated  to  be  7920  feet 
to  Calumet  conglomerate  foot  by  E.  S.  Grierson. 


Possibly  beginning  of  Eagle  River  series  1. 
16.     Conglomerate. 

The  rest  of  the  way  is  either  rather  fine  grained  conglomerate  or  red 
or  dark  sandstones,  the  latter  with  more  basic  matter.  This  heavy  con- 
glomerate, which  occurs  also  through  Holes  3  and  2,  would  be  the  Great 
Copper  Harbor  conglomerate  if  one  calls  No.  14  the  middle  or  lays  no 
stress  on  No.  15.  I  think  we  can  hardly  use  15  for  division.  I  am  not 
at  all  sure  it  persists  or  is  a  bed.  In  that  case,  14,  15  and  16  would  all 
be  the  Great  Conglomerate.  On  the  other  hand  15  7nay  represent  No. 
1  of  the  Eagle  River  section.  So  that  we  must  be  prepared  to  find  16 
connected  with  2,  which  is  a  heavy  sediment  to  9  .of  Eagle  River. 
The  base  of  this  trap  d  4.  224  is  (if  28°  is  assumed  for  the  aver- 
age dip)  above  the  base  of  the  Calumet  conglomerate  (7420) 
Hence  above  the  Mesnard  (5940) 

But  if  this  be  the  thickness  of  the  Eagle  River  (4259)  and  Ashbed 
(1681)  combined,  then  the  Eagle  River  group  is  enormously  thicker 
than  elsewhere.  But  with  a  thickening  of  these  lava  foiTnations  goes 
a  thickening  of  the  individual  beds.  This  seems  not  to  have  taken  place. 
Bed  15  is  of  questionable  character  anyway.  I  feel  sure,  therefore,  that 
Bed  16  should  be  counted  as  belonging  to  the  "Great  Conglomerate." 
Even  then  we  have  much  more  in  the  Eagle  River  beds  than  might  be 
expected.  So  that  it  is  a  fair  question  whether  we  should  not  also  in- 
clude Bed  23,  which  is  so  closely  parallel  to  Conglomerate  22,  which 
Irving  rightly  enough  includes  as  practically  part  of  the  Great  Con- 
glomerate. Farther  drilling  will  be  needed  before  we  know  which  of 
these  traps  persist.  The  section  brings  out  well,  however,  the  desir- 
ability of  a  term  like  Copper  Harbor  Conglomerate  to  apply  to  all  these 
heavy  conglomerates,  full  of  debris  of  the  Lower  Keweenawan  in  which 


332  KEWEENAW    SERIES    OF    MICHIGAN. 

the  flows  that  were  the  last  products  of  dying  volcanic  activity  occur  as 
lentils. 


Calumet  drill  hole  3.  Elevation  525.  690  feet  from  No.  3.  The  cross-section 
abreast  is  at  560  feet  elevation.  Depth  502.  Dip  (17:54)  about  as  before.  Over- 
burden on  the  slant  13.  There  is  said  to  be  a  foot  or  so  of  trap  at  first.'  Is  this  the 
same  as  d  4.     224  or  only  a  pebble? 

16.     Conglomerate  d  3.     25-237  (227) 

Center  red,  with  streak  of  red  sandstone,  basic  .sandstone,  and  all  kinds 
of  pebbles,  labradorite  porphyrites,  etc.     Cf.  Eagle  River  8  to  6. 

BASE  OF  COPPER  HARBOR  CONGLOMER.ATES.       BEGINNING  OF  EAGLE  RIVER  SERIES. 
17. 

Amygdaloid  d  3.     237-240 

Marked  white  and  laumontitic 

Trap  d  3.     240-255 
18.     Ophite 

Amygdaloid  d  3.     255-260 

Trap  d  3.     260-290 

Mottles  faint 
19. 

Amygdaloid  d  3.     290-294 

Trap  d  3.     294-325 

Fine  grained  with  white  calcite  blotches  and  streaks  on  a  gray  ground; 

possibly  a  contact  of  a  gush  at  305. 
20.     Conglomerate,  scoriaceous  amygdaloidal  d  3.     325-326 
21. 

Brecciated  amygdaloid  d  3.     326-328 

Trap  d  3.     328-343 
22.     Basic  sandstone  and  fine  grained  conglomerate  d  3.     343  to  end. 

Amygdaloidal   at   top   passing   into   conglomerate;   basic   sandstones, 

etc.;  at  12°  i  from  right  angles  to  core.     Various  pebbles  of  anorthosite 

and  red  rocks. 


Calumet  drill  hole  2.     Elevation  490.     640  feet  from  No.  3.     Elevation  of  profile 
532.     Depth  505.     Dip  (10|:33)  about  as  usual. 

Overburden  on  the  slant  (13) 

22.  Ophite 

Trap 'd  2.     13-26 

Just  a  little  of  that  in  Hole  3 

Fine  grained  (1  mm.),  bottom  black  and  calcitic 

Nos.  17  to  22  maij  be  Eagle  River  10  to  16 

Total  from  No.  16  (104) 

23.  Conglomerate  (Conglomerate  22  of  Portage  Lake) 

With  pebbles  of  syenite,  coarse  gabbro,  amygdaloid,  and  real  rhyo- 
litic  felsite 
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Calumet  drill  hole  1.     Elevation  520.     648  feet  from  No.  2.     Depth  500.     Dip 
(11:45.)  (5700  from  Calumet  conglomerate  foot?) 

Overburden  on  the  slant  (40) 

23.  This  is  all  the  same  conglomerate  (22?)  with  dark  basic  greenish  (180) 
sandstone,  pebbles  of  felsite  and  gabbro,  hard  green  trap.  Streaks  of  red 
shale  (280)  make  an  angle  of  7°  from  being  at  right  angles  to  the  hole, 
other  beds  more. 

Red  and  felsitic  pebbles  d  1 .     280-505  • 

From  this  point  to  the  top  of  the  Tamarack  No.  5  are  about  850  feet 
unexposed.  At  Portage  Lake  there  are  not  250  feet  of  traps  over  No. 
19  (which  occurs  in  the  Tamarack  No.  5  shaft)  between  it  and  No.  22, 
and  No.  22  is  a  very  heavy  conglomerate  above  which  no  traps  are  known. 
There  is  then  rather  a  presumption  that  this  is  No.  22  conglomerate, 
and  that  to  it  belongs  a  good  part  of  the  unexplored  850  feet.  But  I 
have  not  thought  it  wise  to  assume  this  or  number  the  beds  consecutively 

(GOO)  ' 
If  so  in  the  Eagle  River  section  it  would  be  presximably  the  heavy 
beds  17  and  18. 

For  the  character  of  beds  we  i)ass  to  the  description  of  No.  5 
shaft.  (See  figure  and  annual  report  for  1903  and  the  following 
notes  on  the  specimens  from  that  shaft  and  the  29th  level  cross- 
cut taken  by  McNair  for  his  specific  gravity  tests.  See  also  records 
by  Rominger  in  Volume  V.) 

If  we  then  supplement  the  mine  sections  with  the  Calumet  and 
Hecla  drill  work  around  the  horizon  of  the  Kearsarge  lode  (Section 
8)  and  pass  to  the  record  of  the  Torch  Lake  and  Old  Colony  we 
have  a  section  across  the  range  almost  without  a  break  which  never- 
theless shows  very  little  of  the  Bohemian  Group  in  which  the  Baltic 
lode  occurs.  Other  sections  compiled  by  F,  Klepetko  are  given  in 
File  15-8. 

WTiile  the  record  of  the  report  for  1903  and  Figure  37  is  more  sys- 
tematic, there  is  a  certain  importance  in  putting  on  record  my 
notes  on  the  samples  in  this  part  of  the  section  used  in  McNair's 
specific  gravity  tests.  The  numbers  given  were  those  on  the  paper 
bags  used  in  collecting  the  samples,  and  in  a  few  cases  errors  have 
probably  crept  in. 

The  belt  numbers  given  in  the  samples  below  are  those  given  by 
the  mine  captains  in  sinking  the  shaft.  There  was  usually  two 
belts  to  each  flow, — one  for  the  trap  and  one  for  the  conglomerate. 
Occasionally,  however,  we  differed.  They  do  not,  therefore,  exactly 
correspond  to  the  fliows  and  the  flow  numbers  as  given  for  Shaft 
No.  5  in  Figure  37,  but  they  can  usually  be  identified  readily,  with- 
out reference  to  the  Report  for  1903,  where  the  exact  corresi)ond- 
ences  are  given  on  pages  254  to  268,  by  remembering  that  Conglom- 
erate No.  19  is  Belt  4,  Conglomerate  No.  18  is  Belt  7,  Conglom- 
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erate  No.  17  is  lielt  12.  The  flow  which  I  have  labeled  12  includes 
Belts  18  and  19.  Conglomerate  No.  16  is  Belt  23.  The  Greenstone, 
flow  31,  is  Belts  50  and  51.  The  Allouez  conglomerate  is  Belt  52 
and  the  Calumet  and  Hecla  Conglomerate  is  Belt  84. 

XOTES  ON  SAMPLES  FROM  NO.  5  SHAFT  USED  IN  SP.  GR.   DETERMINATIONS. 

•  Belts  6.  S.  2.  Fine  grained  with  small  chloritic  amygdules  and  conspicuous 
specks  changed  to  iron  oxide  up  to  1-2  mm.  which  I  take  to  be  altered  olivine. 

Belt  7.  S.  1  A.  Well-marked  conglomerate  pebbles,  mostly  felsitic,  very  well 
rounded.  One  small  seam  goes  through  cement  and  pebbles.  The  finer  matrix 
seems  to  be  calcite. 

Belt  8.  S.  9.  A  fine  grained  trap  with  reddish  ground  and  greenish  porphyritic 
feldspar  1-2  mm.  upon  a  matrix  of  the  Tobin  porphyrite  type. 

No.  10.  A  massive  trap.  Probably  luster  mottled,  with  calcite  and  laumontite 
seams. 

9.  S.  11.  Well-marked  amygdaloid  with  pink  lined  amygdules  of  calcite.  Brown 
base. 

No.  11.  S.  51.  Amygdaloid  and  dark,  almost  black  base,  and  lots  of  pink 
amygdules.  In  certain  streaks  instead  of  pink  they  are  green  and  chloritic,  and 
occasionally  the  large  ones  are  filled  with  calcite. 

S.  19.     No.  11.     This  seems  to  be  a  red  to  yellowish  indurated  clay. 

S.  26.  No.  13.  A  dark  massive  fine  grained  trap  with  one  amygdaloid  showing 
perhaps  laumontite  in  the  center,  then  a  marginal  agatoid  zone  and  reddish  in- 
filtrations in  trap  adjacent. 

No.  16.  S.  16.  Very  well  marked  amygdaloid  with  lots  of  small  amygdules 
with  laumontite  and  calcite.     Ground  mass  dark. 

No.  17.  Typical  ashbed  diabase.  One  joint  coated  with  calcite.  Ground  is  a 
dark  gray  and  on  it  lighter  gray-green  feldspars  stand  out  conspicuously.  This  is 
of  the  melaphyre  porphyrite  type. 

Label  erased.     May  be  16.     Dense  fine  grained  trap. 

S.  15.  Label  erased.  Amygdaloid  with  gray  ground,  and  amygdules  either 
large  ones  of  quartz  lined  with  chlorite,  or  in  a  few  cases  with  calcite.  There  are 
also  some  small  epidote  amygdules  and  a  few  show  some  copper.  This  bag  is  also 
marked:     "500  label  inside".. 

No.  18.  S.  18.  Very  well  marked  amygdaloid.  Dark  brown  with  calcite. 
Greenish  seams  bordered  red  with  pink  or  pink  and  white  amygdules  of  extremely 
minute  size  at  times,  and  perhaps  also  altered  porphyritic  feldspars. 

No.  19.  S.  14.  Has  a  coarse  look  owing  to  feldspar  crystals  of  a  greenish  color 
and  1-2  mm.  long.  There  are  numerous  chlorite  specks  and  spots  red  with  iron 
oxide  are  abundant.  This  is  of  the  general  type  of  the  rocks  above  the  Pewabic 
lode — the  Ashbed  group. 

No.  20.  S.  20.  Amygdaloid  ground,  generally  greenish  gray,  occasionally 
brownish.     Amygdules  filled  with  some  hard  mineral — perhaps  quartz. 

No.  21.     No.  5.     Massive  trap  with  calcite. 

No.  22.  S.  24.  A  very  well  marked  amygdaloid  with  a  chocolate  brown  or  gray 
base,  and  white  calcite  and  pink  laumontite  amygdules. 

No.  24.  S.  29.  This  is  a  very  well  marked  amygdaloid  with  lots  of  amygdules — 
some  entirely  calcite,  clear  and  colorless;  others  pink,  but  also  carbonated,  at  least 
in  large  part.  This  type  of  amygdaloid  with  lots  of  amygdules  seems  rather  char- 
acteristic of  this  horizon. 

No.  26.     Laumontite  amygdaloid. 
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No.  27.  S.  40.  Fine  grained  massiv-e  trap  with  one  feldspar  crystal  2-3  mm. 
long.     Another  somewhat  larger  but  isolated  and  not  standing  out  from  the  ground. 

No.  28.  This  is  probably  amygdaloidal  conglomerate.  Red  seams  and  areas 
of  amygdaloid  coarsely  spotted  with  pinkish  or  pink  with  green  bordered  amygdules. 
There  is  probably  quite  a  little  laumontite. 

Belt  29.  Bottom.  S.  6.  Shows  greenish  feldspar  decomposed  quite  conspicu- 
ous on  a  reddish  ground. 

No.  14.  S.  30.  Verj'  marked  amygdaloid.  Much  laumontite  and  the  amyg- 
dules  close  together.     Dark  brown. 

No.  30.  Top.  S.  56.  This  is  probably  glomeroporphyritic.  There  are  num- 
erous small  amygdules  either  of  dark  chlorite  or  light  chloritic  stuff  and  sometimes 
filled  with  calcite  which  also  occurs  in  the  seams. 

31.  Grajnsh,  appearing  rather  coarse  grained,  with  light  greenish  feldspar  stand- 
ing out.  Dark  chloritic  blotches.  There  are  also  pink  seams  of  calcite  and  green 
chalcedonic  seams  very  hard,  but  probably  not  datolite,  although  they  are  either 
datolite  or  chalcedony.  This  type  occurs  near  the  Pewabic  lode;  also  in  the  At- 
lantic cross-cut. 

No.  12  Center.  S.  32.  A  good  many  coarse  up  to  40  mm.  fairly  well  rounded 
pebbles,  and  similar  fragments  which,  with  calcite,  make  up  the  matrix.  Very 
little  basic  matter.     No  signs  of  copper. 

No.  32.  S.  55.  Has  a  glomeroporphyritic  appearance,  the  feldspars  being  up 
to  2  mm.  and  are  reddish  instead  of  the  usual  green.  Amygdules  are  only  partly 
filled  with  a  nearly  white  kaolinic  substance  of  green  hue,  or  with  a  reddish  feld- 
spar?    Quite  clearly  belongs  to  the  Ashbed  family. 

Belt  33.  S.  46.  Has  a  coarse  appearance,  owing  to  the  glomeroporphyritic 
feldspar  which  is  greenish  or  pinkish,  up  to  2  or  3  mm;  coarse,  with  chloritic  amyg- 
dules; of  the  same  type  of  the  traps  near  the  Quincy  mine. 

To  Belt  34  A.  Amygdaloid  with  open  chlorite  lined  amygdules.  The  chlorite 
does  not  occur  in  solid  radial  forms,  but  in  fibers.  There  are  also  amygdules  of 
epidote  and  quartz. 

Belt  35.  S.  42.  A  light  colored,  coarse  appearing  trap,  owing  to  the  plagioclase 
which  is  2-3  mm.  long,  with  chlorite  amygdules.  It  is  a  lighter  greenish  gray  than 
the  ophites  and  belongs  to  a  series  near  the  Pewabic  lode,  just  above  the  Green- 
stone.    In   one    place    is   a   larger   porphyritic    feldspar   8x2    mm. 

Belt  35.  S.  12.  This  is  thoroughly  massive,  and  of  a  coarse  feldspathic  type 
like  beds  just  above  the  Greenstone.  There  are  a  few  large  phenocrysts  of  feldspar; 
one  7x7  mm.  of  the  oligoclase  melaphjTe  type. 

Belt  36.  S.  10.  Amygdaloid.  Dark  brown.  Studded  with  small  green  crystals 
of  feldspar  and  amygdaloid.     Large  amygdules  are  white  calcite. 

Belt  37.  Bottom.  S.  54.  Fine  grained  ophite  much  jointed  with  occasional 
crystals  2-3  mm.  not  standing  out  from  the  ground,  as  they  are  merely  extra  long 
feldspar  laths. 

Bed  37.  S.  14.  Light  greenish  or  reddish  with  numerous  little  chlorite  seams, 
wavy,  and  under  a  lens  one  can  see  banded  chlorite  filling  pores.  Feldspar  quite 
conspicuous  but  not  strictly  of  the  Ashbed  type.     Almost  a  chloritic  amygdaloid. 

Belt  38.  S.  45.  Amygdaloid  on  a  reddish  ground  showing  small  pinkish  or 
greenish  feldspars  of  the  Ashbed  type.  There  are  numerous  amygdules  of  light 
chlorite.     Quite  different  from  the  delessite  of  lower  belts. 

Belt  39.  Fine  grained.  Possibly  slightly  luster  mottled  with  small  chlorite 
amygdules. 

Belt  42.     Top.     S.  47.     A  gray-green  amjgdaloid  with  amygdules  of  quartz  and 
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chlorite.  A  good  chance  to  study  the  hght  greenish  coating  wliich  sonietinus 
occurs. 

Belt  44.     A.     Coarsely  aniygdaloidal  rock  grained  with  calcite  amygdules. 

Belt  43.  S.  52.  Like  the  last  sample  but  much  finer  and  much  more  full  of 
chlorite  amygdules  which  occasionally  are  filled  with  quartz.  The  ground  felds- 
pathic. 

Belt  45.  Bottom.  S.  4.  Four  or  five  pieces.  Fine  grained  ophite  with  oc- 
casional chlorite  amygdules.  In  one  or  two  cases  the  feldspar  attains  the  length 
of  1-2  mm.  but  it  does  not  stand  up  from  the  ground  in  the  same  way  as  the  Tobin 
porphyritc  type. 

47.  S.  48.  A  well-marked  ophite,  and  probably  c[uite  coarse.  Possibly  10 
mm.  or  so. 

Belt  46.  S.  49.  Coarse  amygdaloid.  Dark  reddish  ground  and  amygdules 
lined  with  chlorite  or  filled  with  a  pink  and  green  radiated  zeolite  or  calcite.  The 
pink  zeolite  seems  to  be  of  two  types;  one  of  a  reddish  color,  fibrous,  changing  to 
green.  Hardness  4  minus.  The  other  pink,  with  copper,  less  cleavable  and  un- 
questionably prehnite.     Hardness  above  6. 

Belt  48.  S.  44.  Grey  amygdaloid.  Hard  with  white  amygdules  of  quartz  and 
some  chlorite. 

Belt  48.  Middle.  S.  23.  Dark  gray  with  white  or  chlorite  amygdules,  and 
some  copper  in  them.  The  ground  seems  to  be  made  up  of  small  red  fragments 
with  a  green  cement  in  part. 

Belt  49.  Massive  -with  faint  chloritic  flecking,  but  on  the  whole  probably  ophite. 
Much  chlorite  on  joints. 

Belt  50.  S.  36.  Amygdaloid  with  greenish  ground  and  numerous  small  amyg- 
dules filled  with  a  fibrous  radiated,  often  pink  mineral — hard, — thomsonite  or 
prehnite — probably  prehnite.  Others  are  filled  with  laumontite.  There  seems 
to  be  a  sort  of  mottling.     The  pink  prehnite  is  colored  by  copper. 

Belt  51.     Dark  massive  fine  grained  ophite,  with  slickensided  chlorite. 

Belt  52.  S.  34.  A  conglomerate  of  felsitic  pebbles,  mostly  pretty  well  rounded. 
Some  very  fine  grained;  some  medium,  and  one  or  two  with  a  grain  up  to  3  or  4  mm. 
There  seem  to  be  a  number  of  dark  brown  and  small  feldspar  phenocrysts.  The 
dominant  type  seems  to  belong  to  the  gabbro  or  syenite  aplite  family.  I  do  not 
notice  any  with  conspicuous  quartz,  such  as  is  common  in  the  Calumet,  while  there 
are  a  number  almost  granitic.      There  are  distinct  signs  of  copper. 

Belt  53.  S.  43.  A  coarse  amygdaloid  with  calcite  amygdules  and  some  red 
laumontite  at  one  end.  There  are  also  seams  of  a  deep  maroon,  red  effervescent, 
which  may  be  an  iron  carbonate. 

Belt  54.  S.  33.  A  coarse  trap  with  a  rather  feldspathic  look,  probably  felds- 
pathic  ophite,  and  if  so  the  mottling  may  be  quite  coarse.  Red  specks  are  distinct. 
Not  much  chlorite;  some  epidote.  One  or  two  cavities  are  chlorite  lined  and  filled 
with  calcite. 

No.  55.  S.  38.  Amygdaloid  with  dark  blue-black  back-ground.  Calcite  and 
laumontite  amygdules. 

Belt.  56.     Probably  fine  grained  ophite.     Massive  and  free  from  seams. 

Belt  57.  S.  39.     Amygdaloid  with  calcite  and  laumontite  amygdules. 

Belt  58?  S.  17.  Fine  grained,  luster  mottled  ophite  with  1  or  2  chlorite  amyg- 
dules. 

Belt  60.     S.  25.     Well-marked  ophite.     Mottles  3  mm.  or  more. 

Belt  61.  S.  50.  Brecciated  amygdaloid  with  a  dark  base.  Amygdules  lined 
with  chlorite  and  epidote,  and  sometimes  empty.  Interstices  filled  with  chlorite. 
A  little  laumontite  occasionally. 
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Belt  61.  Amygdaloid;  dark  brown  base;  white  calcite  amygdules  and  reddit^h, 
apparently  sedimentary^  matter,  in  a  few  cases  yellowish  with  epidote,  which  seem 
to  indicate  transition  to  amygdaloid  conglomerate. 

Belt  62.     S.  35.     Massive  fine  grained  ophite  with  small  chlorite  amygtlules. 

Belt  63.  S.  31.  Brecciated  amygdaloid,  with  dark  retl  brown  amygtlaloid  and 
lots  of  calcite  in  the  interstices;  sometimes  have  pink  borders  but  not  always. 

Belt  64.  Two  pieces.  Dark  fine  grained  ophite.  Red  specks  rather  unusually 
conspicuous.     One  joint  surface  coated  with  calcite. 

Belt  69.  A.  Brecciated  amygdaloid.  Dark  chocolate  red  amygdaloid  with 
chloritic  amygdules  and  calcite  and  laumontite.  Chlorite  and  epidote  in  the  in- 
terstices. 

Belt  66.     S.  7.     Well-marked  ophite.     2-3  mm. 

Belt  68.  S.  3.  Well-marked  ophite  with  one  or  two  amygdules  and  a  joint 
covered  with  calcite  anil  laumontite. 

Belt  73.     Brecciated  amygdaloid  with  a  great  deal  of  calcite  and  epidote. 

Belt  75.  S.  36.  A  brecciated  amygdaloid.  Dark  red  amygdaloid  with  dark 
specks  of  epidote,  and  calcite  amygdules  and  the  interstices  large  and  filled  with 
calcite  with  a  border  of  epidote. 

Belt  76  A.     Three  pieces.     Well-marked  ophite  2-3  mm. 

No.  77.  S.  27.  Like  a  belt  in  a  cross-cut.  Red  amygdaloid  fragments  in  a  sort 
of  breccia  with  epidote  and  calcite  in  the  interstices.  Some  calcite  is  in  poikilitic 
patches. 

No.  78  A.     Massive  fine  grained  ophite  with  few  chlorite  amygdules. 

Belt  79.  S.  53.  Well-marked  amygdaloid  with  large  amygdules.  On  the 
average  larger  than  S.  52.  Filled  with  calcite  and  lined  with  chlorite.  Ground 
dark  purplish. 

Belt  80.     Dark  massive  ophite,  with  chlorite  on  joints. 

Belt  85.     S.  21.     Fine  grained;  reddish,  with  chlorite  amygdules. 

The  30th  level  cross-cut  which  was  examined  by  Mr.  G.  W.  Corey  and  myself 
running  from  near  the  bottom  of  Tamarack  No.  2  shaft  continues  the  .section  of  the 
Tamarack  5  shaft  down  below  the  Kearsarge  conglomerate.  A  drill  hole  from  Tam- 
arack No.  2  shaft  reached  the  Kearsarge  amygdaloid  in  970  feet. 

Notes  in  30th  level.  Tamarack  cross-section.  4300  feet  down.  Strike  of  lode 
NT.  28°  E.,  of  cross-cut  54°  E. 


Corey's  distance 

Belt,      from  S.  E.  of       My. 

shaft  T  2. 


Speci- 
men No. 


72.  2-J  1         Coarse  amygdaloid  with  gray  trap,  hard 

between  5  and  11  ft. 

71,  16  2     Specimens  1.  2  and  3 

22  3     in  amygdaloid  belt. 

23  4     Next  to  a  little  calcite  seam  dipping  50°  to 

S.  E.  (i.  e.,  nearly  at  right  angles  to  dip). 
35  40  5     Coarse  amygdaloid. 

43 
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Belt. 


70. 


69. 


68. 


67. 


Corey's  distance 

from  S.  E.  of 

My. 

Speci- 

shaft T  2. 

men  Nc 

). 

52 

60 

6 

Trap. 

61 

65 

7 

Trap. 

67 

72 

8 

Trap. 

76 

80 

9 

Trap,  jointed  at  right  angles  to  bedding. 

84 

88 

10 

Heavy  trap,  joints  dip  70°  to  N.  E. 

93 

98 

11 

All  solid  trap,  ophite  probably. 

102 

105 

12 

All  solid  trap,  almost  vertical  seam  and 
seam  perpendicular  to  it  (12x11  feet  of 
trap  to  amygdaloid). 

112 

112 

13 

118 

119 

14 

Laumontite  seam. 

125 

125 

15 

A  few  amygdules. 

136 

132 

16 

Gray  feldspathic  laumontitic. 

140 

139 

17 

Laumontitic,  coarsely  amygdaloid. 

147 

145 

18 

Laumontitic  amygdaloid. 

151 

149 

19 

Marked  hard  gray  and  white  amygdaloid. 

153 

152 

20 

Greenish  epidote  altered. 

159 

155 

21 

First  class  amygdaloid. 

163 

158 

22 

Trap  fine  grained. 

170 

162 

23 

Trap  fine  grained. 

176 

167 

24 

Trap  fine  with  a  calcite  seam. 

184 

175 

25 

Still  massive  fine  grained  trap. 

188 

185 

26 

Same. 

191 

192 

27 

199 

197 

28 

Amygdaloid,  gray  and  white,  wet. 

203 

200 

29 

Amygdaloid,  gray  and  white,  wet. 

207 

204 

30 

Amygdaloid. 

211 

205 

31 

Fine  grained  red  trap,  a  laumontite  seam 
running  to  W.  dips  S. 

216 

32 

Amygdaloid  conglomerate. 

220 

* 

33 

Amygdaloid  conglomerate. 

227 

34 

Amygdaloid  conglomerate. 

231 

220 

35 

Amygdaloid  conglomerate. 

236 

36 

Amygdaloid  conglomerate. 

240 

37 

Amygdaloid  conglomerate  (at  239  trap). 

246 

235 

38 

A  well-marked  amygdaloid  conglomerate 
with  red  sediment. 

253 

237 

39 

Trap. 

262 

40 

271 

41 

Amygdaloid,  pink  and  white. 

280 

280 

42 

Red  trap. 
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Corey's  distance 
Belt.      fromS.E.  of    My.  Speci- 

shaft  T  2.  men  No. 


288  280  43     Red  trap. 

293  293  44     Red  trap. 

301  45     Coarse  amygdaloid. 

309  46     Marked  amygdaloid,  coarse  gray  and  white, 

then  amygdaloid  with  small  amygdules, 

laumontite. 

66.  318  318  47     Markedly  clasolitic  (with  red  seams  of  sedi- 

ment). 
328  48 

343  49 

357  357  50    Epidote,  spotted  and  getting  amygdaloidali 

370  51     Coarse  amygdaloid,  but  mainly  trap. 

384  52     Amygdaloid. 

Winze,  which  were  generally  sunk  in  amygdaloid  I 
am  told  for  ease  of  working.  The  water  from  the 
winze  floats  the  urinometer  above  the  bottom  of  the 
scale=1.060  plus. 

Amygdaloid  poor. 

65.  414  414  54     Brecciated  marked  amygdaloid  just  above 

contact. 
Near  top  of  amygdaloid. 
Fine-grained  amygdaloid. 
Sparsely  amygdaloid. 

Trap  with  irregular  jointing. 
Coarsely  spotted  with  amygdules. 
Slickensides  and  marked   irregular  amyg- 
dules. 

Massive  trap. 

Coarse  amygdaloid  skeined  parallel  to  the 

bedding  but  not  the  contact  of  a  new 

flow. 
Trap. 


401 

401 

53 

414 

414 

54 

421 

421 

55 

422 

422 

56 

428 

428 

57 

434 

434 

58 

448 

448 

59 

462 

462 

60 

478 

478 

61 

490 

490 

62 

494 

494 

63 

509 

509 

64 

525 

525 

65 

544 

544 

66 

559 

559 

67 

575 

575 

68 

590 

590 

69 

605 

605 

70 

625 

625 

71 

641 

641 

72 

656 

73 

Coarse  amygdaloid  begins. 
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Belt. 
64. 


Corey's  distance 

from  S.  E.  of 

My. 

Speci- 

shaft T  2. 

men  No. 

668 

74 

675 

75 

683 

76 

697 

77 

700 

78     Kearsarge  Cg 

Dip  35°  L.  or  35  °§  McNair. 

63.              702  -            79  Two  feet  of  fluccan  on  top  of  Kearsarge 

conglomerate,  decomposed  upper  bed, 
dip  of  this  fluccan  37  °i  to  36°. 

708  .  80  Trap.    Surveyor's  plug  10  at  710. 

724  81  Massive  trap. 

731  82 

741  83  The  same,  laumontitic. 

749  84  Somewhat  amygdaloid. 

756  85  Trap  just  beyond  a  seam  parallel  to  the  dip. 

762  86  Trap,  close  to  laumontite  seam. 

769  87  Laumontitic  seam  dipping  42  °. 

773  88  Trap,  marked  massive. 

780  89  Trap,  marked  massive. 

786  90  Cross-course  to  the  North  dipping  59°  to 

theE. 

792  91 

799  92  Trap  with  occasional  coarse  amygdules. 

804  93  Trap  with  occasional  coarse  amygdules. 

813  94 

821  95 

834  96  Well-marked  amygdaloid. 

62.              841  97  Trap  with  joints  parallel  and  perpendicular 

to  the  bedding. 

850  98 

858  99 

876  100 

884  101  Very  massive. 

892  102  Calcite  seam  dipping  E.  in  massive  trap. 

900  103  All  massive  trap. 

906  104  All  massive  trap. 

914  105  All  massive  trap,  flat  seams. 

922  106  All  massive  trap. 

929  107  Amygdaloid  in  spots. 

936  108  Trap. 

943  109  Trap. 

951  110  Massive  trap. 

958  111  Coarse  amygdaloid. 

965  112  Amygdaloid  showing  amygdules  elongated 

parallel  to  the  bedding. 
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Corey's  distance 
Belt.5     from  S.  E.  of     My. 
shaft  T  2. 


61. 


60. 


973 

979 

985 

992 

996 
lOO-l 
1010 
1016 

1022 
1028 
1036 

1043 

1049 

105.5 

1061 

1069 

1077 

1083 

1087 

1094 

1098 

1107 

1115 

1121 

1127 

1134 

1139 

1144 

1150 

11.56 

1161 


Speci- 
men No. 

113 
114 
115 
116 
117 
118 
119 
120 

121 
122 
123 

124 
125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 


Poorly  marked  amygdaloid. 

Columnar    jointing    perpendicular    to    the 

bedding. 
Massive  trap  all  along  to  Sp.  127. 


Massive.     Surveyor's  plug  P.  B.  near  it. 


Still  massive,  with  a  big  spot  of  calcite. 
Still  massive.     (The  roof  caves.) 


Still  massive. 


Amygdaloid. 

Red    and    white    amygdaloid,    fairly    well 
developed. 


59. 


58. 


1166 
1172 
1177 
1184 
1191 
1196 
1203 

1206 
1212 
1217 


144 

145  Trap. 

146  Trap. 

147  Trap. 

148  Trap,  with  calcite. 
149 

150  Contact  well-marked. 

151  Trap. 

152  Trap. 

153  Trap. 
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Belt. 


57. 


56. 


Corey's  distance 

from  S.  E.  of     My. 

Speci- 

shaft T  2. 

men  No 

1224 

154 

Trap. 

1228 

155 

Trap. 

1233 

156 

Trap. 

1238 

157 

Trap. 

1246 

158 

Trap. 

1251 

159 

Trap. 

1256 

160 

Still  massive  trap. 

1263 

161 

1266 

162 

1271 

163 

1279 

164 

Marked  red  and  white  amygdaloid  just[  be- 
low contact. 

1283 

165 

1289 

166 

1294 

167 

Trap. 

1300 

168 

Very  coarse  amygdaloidal  spots  (pseud- 
amygdaloid?) 

1308 

169 

1313 

170 

1320 

171 

1326 

172 

1332 

173 

1337 

174 

1346 

175 

1354 

176 

1362 

177 

1371 

178 

Black  chloritic  trap. 

1377 

179 

1384 

180 

1389 

181 

1397 

182 

Trap. 

1404 

183 

1411 

184 

Coarse  ophite,  augite  patches  3  to  4  mm. 
across. 

1417 

185 

1424 

186 

1430 

187 

Seam  parallel  to  cross-cut,  i.  e.,  to  the  drift, 

1437 

188 

1443 

189 

1450 

190 

Trap. 

1457 
1464 

191 
192 

Still  seamed  parallel  to  the  cross-cut  (S, 
40°  F.) 
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Belt. 


55. 


Corey's  distance 

from  S.  E.  of    My. 

Speci- 

shaft T  2. 

men  No 

1471 

193 

Trap  still. 

1478 

194 

Trap. 

1484 

195 

Trap. 

1491 

196 

Trap. 

1497 

197 

Trap. 

1502 

.    198 
199 

Trap. 

1509 

200 

A  seam  of  copper  and  prehnite  is  parallel  to 

the  bedding  or  steeper. 

1518 

201 

1524 

202 

Surveyor's  plug  18.4. 

1530 

203 

Amygdaloid . 

1539 

1544 

204 

1547 

205 

Coarse  amygdaloid. 

1554 

206 

1564 

207 

1568 

208 

1575 

209 

Between  209  and  210  is  a  drift  on  the  Os- 
ceola amygdaloid. 

1594 

210 

1599 

211 

1607 

212 

1621 

213 

1630 

214 

1645 

215 

1654 

216 

1661 

217 

1666 

218 

Timbered. 

1672 

219 

1679 

220 

1689 

221 

1698 

222 

Massive  trap. 

1706 

223 

Amygdaloid. 

1714 

224 

1721 

225 

1729 

226 

1736 

227 

1742 

228 

1751 

229 

1761 

230 

1769 

231 

1777 

232 

1785 

233 

Well-marked  amygdaloid . 
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Corey's  distance 
lielt.      from  S.  E.  of     My.  Speci- 

shaft  T  2.  men  No. 


1794  234     Here  is  a  watering  spot  from  which  the 

sample  analyzed  by  F.  B.  Wilson  was 
taken.     See  Chapter  VII. 

1800  235 

54.  1809  236 

1816  ^  237     Trap. 

1824  238 

1831  239 

1836  240 

1843  241 

1851  242 

1861  243     Surveyor's  plug. 

1869  244  Winze. 

1870  245 
1887  246 

53.     1893  247 

1899  248 

1907  249 

1915  250 

1922  251 

1929  252  Irregular  trap. 

1935  253 

1942  254  Irregular  trap. 

1950  255  Massive  trap. 

1956  256 

1963  257 

1969  25S 

1976  259 

1987  260 

1994  261  Somewhat  seamed  parallel  to  the  bedding. 

2001  262 

2007  263 

2016  264 

2024  265 

2031  266 

2037  267 

2047  268 

2054  269 

2059  270 

2068  271 

2074  272 

2081  273 
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Corey's  distance 

Belt,   from  S.  E.  of  My. 

Speci- 

shaft T  2. 

men  No. 

2088 

274  Amygdaloid. 

2098 

275 

2104 

'  276 

2112 

277 

2119 

278 

2124 

279 

2137 

280 

2143 

281 

2150 

282 

2169 

283 

2177 

284 

2185 

285 

2192 

286  Much  brecci 

yond  to  3i 

52.     2200 

287 

2208 

288 

2218 

289 

2227 

290 

2236 

291 

2244 

292 

2256 

293 

2264 

294 

2273 

295 

2283 

296 

2292 

297 

2303 

298 

2312 

299 

2324 

300 

2336 

301 

2343 

302 

51  _  2360  303     16  feet  to  center  of  drift,— a  level  on  the  C. 

&  H.  lode. 
The  section  is  continued  by  a  drift  from  the  29th  level  over  to 
Tamarack  No.  5  shaft.  This  is  above  the  Calumet  and  Hecla 
Conglomerate  No.  13.  It  may  be  noted  how  copper  collects  on 
the  low  parts  of  the  roof  of  this  level  and  makes  a  green  copper 
carbonate  stain  which  shows  that  it  has  copper  in  solution.  Ac- 
cording to  other  green  streaks  of  altered  copper  the  copper  occurs 
in  the  conglomerate  in  streaks  parallel  to  the  bedding.  As  this 
drift  is  at  a  considerable  angle  with  the  direction  of  the  dip  I 
have  noted  whether  the  specimens  were  taken  from  the  left 
(S.  W.)  side  by  L.  or  the  right  (N.  E.)  by  R. 
705-3  304     Distances  referred  to  plug  specimens  num- 

bered 304-308  are  all  from  the  C.  &  H .  con- 
glomerate. The  copper  comes  first  in  the 
cement.     Then  there  is  a  halo  bleached 
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Belt. 


Corey's  distance 
from  S.  E.  of    My. 
shaft  T  2. 


705-2 
16 
25 
31 
35 


50. 


49. 


41 


Speci- 
men No. 


305 
306 
307 
308 
309R 

310R 


47 

311R 

54 

312L? 

61 

313R 

67 

31 4R 

75 

31 5R 

81 

316R 

87 

317R 

94 

318R 

99 

319L 

106 

320L 

121 

321L 

129 

322 

138 

323 

146 

324L 

156 

325L 

168 

326L 

177 

327  L 

188 

328L 

199 

329L 

206 

330L 

221 

331L 

232 

332L 

233 

333L 

249 

334L 

335 

262 

336? 

270 

337R 

279 

338R 

289 

339R 

299 

340L 

309 

341 L 

in  the  conglomerate  pebbles,   then    the 
outside  turned  to  copper. 


Rather  sandy. 

At  iron  pi  a,  hanging  amygdaloid  with 
large  patches  of  calcite  with  red  border, 
also  clear  amygdules. 

Jointed  dip  with  contact. 

Marked  contact  dip  32°-36°.  Very  clear, 
sandy?  just  above  it. 

Just  above  contact  on  right. 

Ophite. 

Ophite  growing  coarser. 

Ophite  growing  coarser. 

Ophite  growing  coarser,  cupriferous. 

Ophite  growing  coarser. 


All  massive  trap. 
All  massive  trap. 

A  seam  crosses  the  drift  with  a  steep  dip 
running  nearly  parallel  to  the  strike. 

Spotted*. 


Chloritic  seams  abundant. 
Epidotic  altered. 


Genuine  amygdaloid,  damp. 
Seamed. 


Marked  green  and  white  amygdaloic 
Spotted  clay  seam. 


Calcitic  rock  soft. 
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Belt. 


48. 


47. 


Corey's  distance 

from  S.  E.  of     My. 

Speci- 

shaft T  2. 

men  Nc 

». 

318 

342L 

Fine  grained  ophite. 

335 

343L 

2  to  3  mm.  patches  of  ophite. 

345 

344L 

354 

345 

366 

346R 

Coarse  ophite. 

376 

347R 

388 

348 

Massive. 

397 

349L 

Bedding  joints  marked. 

411 

350R 

Fine  grained  massive. 

425 

351R 

Broken  up. 

436 

352 

451 

353L 

Massive. 

464 

354L 

Veined. 

479 

355 

SurA'eyor's  plug  9,  Trap. 

491 

356 

Surveyor's  plug  8. 

501 

357R 

Wet  amygdaloid. 

520 

358R 

Red  and  green  amygdaloid. 

530 

359L 

Looks  massive. 

542 

360L 

Coarse. 

548 

361 L 

Coarser. 

555 

362R 

571 

363R 

Ophite  with  3  mm.  patches. 

583 

364R 

Coarser. 

There  is 

no  365. 

595 

366L 

606 

367 

618 

368L 

Joints  parallel  to  bedding. 

625 

369L 

638 

370R 

Ophite  patches  1  to  2  mm. 

648 

371R 

Fine.     A  slickensided  face  st 

659 

372R 

668 

373R 

680 

374R 

690 

.375R 

703 

376R 

712 

377 

722 

378 

to  the  W.  and  makes  an  angle  of  about 
30°  with  the  course  of  the  lode.  The 
striations  incline  to  the  N. 

Coarser? 

Coarser? 

Coarser? 

Decreasing?  irregularly  jointed. 

Plug  5,  water  begins. 

Slickensided,  hght  green.  In  this  part  of 
the  section  there  are  on  top  of  the  traps 
and  fading  into  them  often  greenish 
light  amygdaloids. 
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Corey's  distance 

elt.   from  S.  E. 

of  My. 

Speci- 

shaft T  2 

men  No, 

736 

379R 

751 

380 

761 

381R 

46.      776 

382R 

788 

383R 

800 

384R 

813 

385R 

825 

386R 

835 

387R 

841 

388 

851 

389 

865 

390 

874 

391 

895 

400 

379R      Looks  like  pink  and  green  castile  soap. 

380 

381R      Amygdaloid,  decomposed,  wet,  both  sides. 

Dry. 


Marked  amygdaloid. 

391  to  395  are  in  the  No.  5  shaft  plat. 

Face  of  drift. 


DETAILED    NOTES    ON   THE    SAMPLES  FROM  CROSS-CUT   USED  IN  PRESIDENT 
McNAIR'S  SPECIFIC  GRAVITY  TESTS. 

Belt  72.  1.     Ophitic    trap-luster    mottled,    perhaps    2    mm.     Epidote    seams. 

Amygdaloid  spots.  Epidote  border  and  sometimes  a  quartz  center.  The 
band  of  greenish,  radiated,  cleavable  zeolite  is  perhaps  laumontite.  The 
main  mass  of  the  trap,  like  ophites  generally,  shows  greenish  chloritic  or 
epidote  spots;  rusty  brown  specks  which  I  attribute  to  altered  olivine, 
which  are  not  largely  conspicuous  ;  faint,  light  greenish  indications  of 
feldspar  laths  and  a  dark  ground  which  is  presumably  an  augite.  This  is 
a  general  description  of  ophites  and  will  be  understood  unless  special 
notes  are  made.     No.  1  will  ordinarily  be  classed  as  trap. 

Belt  71.  2.     Amygdaloid  with  dark  chocolate  red  base.     The  amygdules  have 

a  border  of  blue-green  chlorite  or  yellow-green  epidote.  The  center  is 
light  colored,  white  calcite.  Between  these  there  is  a  pinkish  layer,  so 
far  as  tried  non-effervescent — soft  and  friable  and  I  presume  laumontite. 
Hereafter  white  minerals  of  the  calcite  cleavage  will  be  called  calcite; 
the  light  pinkish  friable  minerals,  laumontite;  yellow-green,  epidote; 
and  bluish  green,  chlorite,  unless  there  is  some  special  mention.  The 
walls  of  the  amygdules  are  well  defined  and  often  rounded,  being  clearly 
bubbles. 

3.  Ophite,  mottles  not  over  2  mm.  with  a  small  seam  of  laumontite 
and  calcite  amygdules  at  one  side.  Both  are  in  a  previous  specimen. 
There  is  occasionally  a  spot  of  the  light  greenish  color  which  seems  to 
shade  into  the  laumontite  and  might  be  taken  for  prehnite  if  it  were  not 
too  soft.     3  pieces. 

4.  Probably  an  ophite.  The  feldspar  laths  are  somewhat  more  con- 
spicvjous  on  certain  surfaces  and  the  brown-red  alteration  more  exten- 
sive and  minute  laumontitic  seams  a  fraction  of  a  mm.  can  be  seen  in  the 
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interstices  of  the  ground  mass.  There  is  also  considerable  white  material 
(calcite)  pervading  the  ground  mass.  The  alteration  of  reddish  and  green- 
ish spots  is  more  conspicuous.     This  is  an  ophite. 

5.  Ophite.  Luster  mottling  may  be  3-4  mm.  One  side  is  covered 
with  laumontite  and  the  quartz  with  epidote.  There  is  also  one  large 
amygdule  filled  with  laumontite  and  quartz,  with  epidote  and  chlorite 
in  the  border.  This  should  be  counted  as  a  trap  and  the  amygdules  are 
such  as  are  likely  to  occur  only  sporadically  in  the  trap. 

6.  Ophite.  Mottles  perhaps  2-3  mm.  Some  surfaces  coated  with 
slickensided  chlorite.     2  pieces. 

7.  Ophite.  Massive  although  there  are  some  irregular  chloritic 
seams. 

8.  Probably  ophite.  More  decomposed  feldspar  about  .6  mm.  There 
is  a  good  deal  of  calcite  in  irregular  seams.  It  contains  some  copper 
which  has  turned  slightly  green  to  carbonate. 

9.  Massive  trap,  much  reddened  and  on  one  side  coated  with  shining 
irregular  face  of  iron  oxide.  Next  to  a  little  seam  of  laumontite  there 
is  the  crystalline  form.  While  it  is  probably  ophite  the  mottles  cannot 
be  identified  in  the  hand  specimen.     Feldspars  may  be  .8  mm. 

10.  Ophite.  Massive  and  broken  up;  rather  smooth  joints.  One 
joint  is  covered  by  patches  of  calcite  which  are  not  to  be  mistaken  for 
luster  mottling.     This  is  probably  about  3  mm. 

11.  Ophite.  Luster  mottles  probably  about  2  mm.  Has  small  ir- 
regular calcite  seams. 

12.  A  good  deal  seamed  with  calcite  and  a  little  laumontite.  Mass 
of  the  rock   shows   considerable  epidote.     Mottling   is   probably  about 

2  mm. 

13.  Ophite.  In  one  place  there  is  a  little  mottling  of  secondary  cal- 
cite but  the  genuine  augitic  mottling  appears  to  be  about  1^  mm. 

14.  Ophite.  Crossed  by  an  irregular  quartz  stringer  with  epidote 
border.  Luster  mottling  is  about  same  size  as  13.  Is  well-marked. 
One  side  of  the  specimen  is  coated  with  pink  laumontite;  the  other  with 
a  soft  gray  stuff  that  looks  like  mud  or  varnish,  being  a  shiny  coating. 

15.  Ophite.  A  good  deal  decomposed.  Laumontite  in  little  seams 
runs  all  through  especially  in  certain  lines.  Large  irregular  epidote 
quartz  pseudamygdules.  In  these  there  is  red  matter  which  may  be 
copper  oxide  or  iron  oxide- — a  reddish  band  rather  extra  decomposed 
may  represent  flow  line.     The  ophitic  mottles  probably  between  1  and 

3  mm. 

16.  Much  decomposed.  Very  coarse  mottling — is  due  to  patches  of 
calcite.  The  mass  of  the  rock  is  uniformly  flecked  red  or  green.  It  is 
traversed  by  little  irregular  seams  of  fine  grained  red  sediment  (claso- 
lites).  These  clasolites  are  probably  considerably  lighter  and  may  affect 
its  gravity. 

17.  Ophite.  Mottles  1-2  mm.  probably,  but  the  whole  rock  much 
decomposed.  There  is  a  good  deal  of  reddish  brown  clasolitic  matter 
in  it.     It  is  also  more  or  less  epidotic.     Number  of  specimens. 

18.  Ophite.  "With  one  or  two  amygdules.  One  shows  a  quartz 
border  very  sharply  defined  and  one  side  a  laumontitic  center,  the  farther 
part  of  the  amygdule  not  being  so  clear  against  the  ground  mass. 

19.  Genuine  amygdaloid.  Amygdules  3  mm.  more  or  less.  Some- 
times lined  with  radiating  chlorite  and  then  empty;  also  with  quartz; 
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epidote  often  occurs  at  the  border  and  the  epidote  specks  in  the  mass 
seem  to  be  rather  pseudamygdules,  the  epidote  forming  more  at  the  ex- 
pense of  the  ground.  The  ground  mass  is  the  usual  red  and  white  flecked 
of  the  ophite,  but  the  inottling  is  now  probably  not  1  mm.  This  is  the 
first  genuine  amygdaloid. 

20.     Probably  at  or  near  contact.     A  breccia  of  a  very  fine  grained 
trap  and  epidote  anil  quartz  masses  and  fine  grained  amygdaloid  in  a 
reddish  clasolitic  matrix.     This  may  be  from  a  scoriaceous  or  amygda- 
loidal  conglomerate,  but  it  might  be  only  a  seam  in  the  amygdaloid. 
Belt  70.  21.     Similar  to  20  with  fragments  of  amygdaloid.     Apparently  more 

than  one  kind;  at  least  there  are  two  different  classes.  There  is  a  green- 
ish gray  amygdaloid,  then  there  is  a  dark  reddish  amygdaloid.  Amyg- 
dules  are  calcite.  Brown  to  red  matrix  shows  line  of  sedimentation. 
In  some  parts  it  is  quite  epidotic. 

22.  Well-marked  ophite.  Quite  fresh  looking  and  apparently  not 
very  fine  grained  with  coarse  chloritic  flecks.     This  is  rather  dark  colored. 

23.  A  massive  fine  grained  trap,  covered  with  chlorite  on  four  faces, 
the  striations  running  not  very  systematically.  Two  faces  are  smooth; 
two  faces  are  tortuous. 

24.  Similar  to  23  with  chloritic  joints  also  fine  grained. 

25.  A  similar  ophite.  Fresh  looking;  fine  grained;  not  so  prominent 
chloritic  joints.     Mottles  possibly  1-2  mm. 

26.  Same  with  slickensided  chlorite  on  joints;  reddened;  slightly 
amygdaloidal  with  chloritic  spots. 

27.  A  small,  similar  reddened  trap  with  little  spot  of  lavmiontite  and 
calcite  one  end. 

28.  Three  or  four  pieces.  More  amygdaloidal  with  more  laumontite 
and  calcite.     Amygdules  are  small  and  grade  into  secondary  specks. 

29.  W'ell-marked  amygdaloid;  fine  grained,  dark  maroon  with  oc- 
casional porphyritic  feldspars  up  to  1  mm.  long.  Amygdules  of  calcite 
and  laumontite,  and  a  little  epidote  at  the  margin.  Smooth  walled. 
There  seem  also  to  be  secondary  epidotic  specks,  and  there  are  also 
seams  coated  with  calcite,  laumontite,  chlorite,  and  a  little  epidote. 

30.  A  number  of  pieces.  Fine  grained,  dark  maroon.  Some  amyg- 
dules and  secondary  specks  of  laumontite  and  larger  aggregates  of  cal- 
cite. 

?Belt  69.  31.  Two  or  three  pieces.  Somewhat  brecciated  and  of  amygdaloidal 
conglomerate  type,  made  of  black  fragments  mixed  together  and  seamed 
by  calcite,  but  no  sedimentary  matrix  like  that  in  Beds  20  and  21  notice- 
able. This  is  more  probably  merely  a  shattered  bed  at  the  top  of  the 
amygdaloid. 

32.  Three  or  four  pieces.  Dark  colored  with  much  calcite  infiltration 
seams,  also  laumontite  on  fissures.     Brecciated. 

33.  Dark;  full  of  calcite  and  laumontite  similar  to  the  last. 

34.  Shows  mixture  of  red  sediment  although  fine  grained,  compact 
trap  fragments  with  one  porphyritic  feldspar  2-3  mm.  long.  Twinned 
and  chloritic  amygdules. 

35.  Two  pieces  and  more.  Fragments  of  fine  grained  trap  are  im- 
bedded in  the  sandy  matrix  in  which  small  cavities  of  laumontite  and 
calcite  occur.  There  are  also  signs  of  crushing.  While  on  the  whole  it 
seems  rather  more  likely  that  this  is  an  amygdaloid  conglomerate,  we 
can  not  say  that  it  is  not  crushed  clasolitic  amygdaloid  or  trap. 
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36.  Is  mainly  sediment;  red;  and  under  the  microscope  appearing 
somewhat  sandy.  There  are  striated  slickensided  faces  and  some  frag- 
ments of  trap  imbedded. 

37.  Three  pieces.  Amygdaloidal  with  seams  of  sediment.  Here  the 
sediment  appears  distinctly  intrusive  into  the  amygdaloid  while  in  36 
the  amygdaloid  is  in  the  nature  of  fragments  in  the  sediment.  The 
amygdaloid  is  nearly  black  with  small  amygdules  of  calcite. 

38.  Amygdaloid;  appears  somewhat  ophitic.  Amygdules  irregular 
and  laumontitic  and  larger  ones  with  calcite  centers. 

Belt  68.  39.     A  blotched  somewhat  ophitic  trap  with  clasolitic  irregular  seams; 

also  crossed  by  a  stringer  of  calcite. 

40.  Fragments  of  amygdaloid  imbedded  in  a  brown  sediment,  some- 
times yellowish,  epidotic  and  distinctly  stratified  and  sandy.  The  frag- 
ments appear,  however,  to  be  of  the  same  kind  and  much  like  the  speci- 
mens last  described  with  blotches  of  epidote  and  laimiontite. 

41.  Rather  decomposed,  fine  grained  trap  with  a  lot  of  clasolitic 
seams  or  sediment  matrix  to  fragments.  There  seems,  however,  to  be 
a  certain  fitting  of  the  fragments  together  so  as  to  indicate  that  they 
were  once  part  of  a  continuous  mass. 

42.  Like  41.  Full  of  red  clasolite  matter,  and  not  any  veiy  defined 
amygdules.  The  amygdules  are  small  and  there  are  also  decomposition 
patches. 

43.  Is  mainly  clasolitic  sediment.  Should  give  a  pretty  good  idea 
of  the  specific  gravity  of  that  sort  of  stuff,  but  I  doubt  if  it  is  a  fair  sample 
of  any  regular  bed.     Tnere  is  some  amygdaloid  clinging  to  it. 

44.  A  mixture  of  rather  coarse,  sandy,  clasolitic  stuff  with  a  dark, 
fine  grained,  not  verj-  amygdaloid  trap. 

,  4.5.     Brecciated  amygdaloid  with  the  interstices  filled  with  laumontite 

and  green  calcite.  There  is  also  epidote  on  the  edges.  The  laumontite 
in  some  places  appears  to  become  green,  but  I  think  it  is  due  merely  to 
mixture  with  green  calcite  which  is  unusually  well  marked. 

46.     Well-marked    amygdaloid,    rather    coarse    grained.     Amygdules 
of  laumontite  and  quartz.     Rather  small. 
Belt  66.  47.     Well-marked  ophitic  trap  with  mottles  not  over  2  mm.  and  amyg- 

daloid spot  in  one  corner,  and  calcite  seam  on  opposite  face.  The  whole 
mass  of  the  trap  seems  to  be  decomposed  and  have  minute  red,  probably 
laumontitic  specks. 

48.  Ophite.  Fine  grained  with  small  clasolitic  streak,  which  seems 
itself  to  have  somewhat  amygdaloidal  texture  but  the  amygdules  are  not 
sharp.     The  main  trap  is  full  of  small  amygdules  largely  laumontitic. 

49.  Two  or  three  pieces.  The  small  pieces  are  fresh  looking  ophites 
although  there  are  little  calcite  stringers  traversing  it  and  upon  close  ex- 
amination there  is  an  unusual  amount  of  chloritic  alteration.  The  main 
base  is  covered  all  over  with  a  white  coating  probably  due  in  some  way 
to  the  specific  gravity  treatment. 

50.  Apparently  almost  solid  epidote  up  to  a  little  laumontitic  seam 
beyond  which  the  trap  is  not  quite  so  much  decomposed  and  the  structure 
can  be  somewhat  made  out.  It  was  probably  moderately  ophitic.  There 
appears  to  be  more  chlorite  and  less  epidote  in  this  part. 

51.  Ophite.  Probably  about  2-3  mm.  A  few  specks  of  laumontite 
and  calcite  and  also  one  appears  to  be  solid  lavunontite,  the  alteration 
throughout  the  ground  mass  to  iron  oxide  being  unusually  conspicuous. 
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52.  Somewhat  amygdaloidal  but  still  coarse  grained  rock,  probably 
having  a  mottling  of  2  mm. 

53.  Well-marked,  fine  grained  amygdaloid  with  white  amygdules  of 
calcite,  numerous  bright  red  specks  on  a  gray-green  ground  with  little 
epidote.     This  should  be  near  the  top  of  a  flow. 

Belt  65.  54.     Ophite  with  calcite  and  laumontite  amygdaloid  spots.     Rather 

inclined  to  be  pseudamygdaloid,  but  there  are  a  few  small  genuine  amyg- 
dules.    Red  specks  of  iron  oxide  on  the  ground. 

55.  Rather  fine  grained  amygdaloid  with  small  amygdules,  and  also 
large  patches  of  laumontite  and  calcite.     Chocolate  ground  mass. 

56.  Fine  grained,  filled  with  laumontite  and  chlorite;  much  decom- 
posed.    The  most  typical  amygdaloid  along  here  is  No.  53. 

57.  Decomposed  laumontite  amygdules.  They  are  much  saturated 
with  laumontite.     Amygdules  comparatively  scarce. 

58.  Like  57.  Full  of  laumontite  with  large  patches  of  amygdules  of 
calcite.     56,  57,  and  58  are  practically  similar. 

59.  A  decomposed  ophite.  There  is  a  good  deal  of  epidote,  and  the 
base  has  a  brown  and  green  mottling  of  about  2-3  mm. 

60.  Ophite.  Probably  2-3  mm.  with  occasional  large  amygdules  of 
calcite.  Some  laumontite  in  cores.  Amygdules  are  somewhat  bonlered 
with  chlorite  and  laumontite. 

61.  This  appears  like  a  very  fine  grained  trap  near  the  bottom  of  the 
bed.     There  is  some  epidote  and  a  few  blotches  of  calcite  and  quartz. 

62.  Two  pieces.     Fine  grained;  very  epidotic  with  blotches  of  quartz. 

63.  Somewhat  laumontitic  trap  1-2  mm.  with  pores  filled  with  lau- 
montite. 

64.  This  has  a  few  amygdules  clearly  defined  of  calcite.  The  feld- 
spar is  rather  extra  long — 2-3  mm.,  and  there  may  be  an  approach  to  a 
doleritic  texture. 

65.  Apparently  fine  grained,  dark  chocolate  red  with  2-3  mm.  feldspar 
and  some  amygdules  of  quartz  and  chlorite. 

66.  Quite  coarse  and  feldspathic,  the  feldspar  laths  being  conspicuous 
and  there  are  also  spots  of  iron  oxide.  This  is  sometimes  in  the  inter- 
stices of  the  feldspar  and  after  augite;  perhaps  also  after  olivine.  One 
face  is  covered  with  calcites  which  are  striated  with  slickensides. 

67.  Coarse,  massive,  feldspathic  ophite.  This  is  almost  the  first  in 
which  the  mottling  can  be  determined  with  any  real  precision.  It  is 
here  up  to  4  mm.  across.  Usually  about  3  mm.  Is  a  well-marked 
feldspathic  ophite. 

68.  Same  type.     Mottles  very  vague. 

69.  Same  type,  getting  coarser,  but  the  mottling  is  too  vague  to 
measure  accurately.     There  is  a  little  calcite  seam. 

70.  Same  still  coarser.  At  one  end  a  seam  of  calcite.  Dominant 
appearance  of  the  rock  is  gray  with  reddish  specks. 

71.  Seems  to  be  getting  finer.     There  are  a  few  amygdules  of  calcite. 

72.  About  the  same — little  darker.     One  chlorite  amygdule. 

Belt  64.  73.     Felsitic   Kearsarge    conglomerate   pebbles    of   dense    feldspathic 

•porphyry.  Coarser  grained  rocks  of  the  gabbro  aplite  type  also  of 
quartz  porphyry  make  up  the  mass  of  the  rock  down  to  the  very  small 
fragments  which  are  still  felsitic  or  broken  out  quartz  and  feldspar.  The 
last  matrix  is  calcareous.  There  is  very  little  basic  material  and  no  cop- 
per apparent.     Hardly  any  epidote  or  any  secondary  mineral  but  calcite. 
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74.  Another  specimen  of  the  conglomerate  which  has,  liowever,  one 
distinct  fragment  as  much  as  13  mm.  long  of  some  clecomposetl  basic 
rock,  probably  amygdaloid.  Plenty  of  quartz  porphyry.  Matrix  of 
small  fragments — little  but  calcite  secondary. 

75.  Same  as  74.  Lots  of  quartz  porphyry.  One  or  two  streaks  of 
dark  stuff  like  serpentine. 

76.  Same  conglomerate.  Matrix  grayer  but  more  epidotic.  The 
pebble  mainly  near  quartz  porphyry  with  feldspar  crystals  16  mm.  long, 
and  quartz  bi-pyramids  something  like  5  mm. 

77.  Some  conglomerate.  Felsite  pebbles  generally  quite  .small — 
one  or  two  pebbles — one  or  two  dark  pebbles  up  to  37  mm.  long.  These 
have  a  dark  soft  matrix  and  crystals  of  feldspar  that  stand  out  and  show 
terminal  faces.  Probably  belong  in  the  trachyte  or  andesite  family. 
Mr.  J.  L.  Nankervis  has  given  me  a  similar  pebble  from  the  C.  &  H., 
largely  changed  ta  copper,  with  a  matrix  very  soft  so  that  the  Karlsbad 
twins  can  easily  be  picked  out.  Mr.  Jos.  Pollard  has  Karlsbad  twins 
picked  out  probably  from  a  similar  rock.  The  cement  is  calcite  and 
epidote. 

78.  Similar  conglomerate,  with  various  kinds  of  porphyry.  The 
matrix  of  epidote  and  calcite  and  one  or  two  green  .serpentine  grains  only 
a  few  mm.  in  diameter. 

79.  Soft  grayish  green  clay.  This  appears  to  be  decomposed  and 
crushed  trap. 

80.  Fine  grained,  reddish  trap,  with  a  few  coarse  chloritic  amygdules. 
These  are  dark  green  at  the  center,  and  seem  to  bleach  to  a  lighter  color 
at  the  margin.  They  do  not  seem  at  the  center  to  have  the  usual  fibrous 
structure  of  delessite.  In  part  of  the  specimen  the  seams  are  specked 
with  calcite. 

81.  Probably  a  fine  grained  ophite.  1-2  mm.  with  much  laumontite 
in  specks  throughout,  and  the  same  covered  with  patches  of  calcite. 

82.  Massive  ophite.     Small  amount  of  laumontite  on  seams. 

83.  Ophite.  With  a  few  scattered  calcite  amygdules  surrounded  by 
laumontite  or  chlorite.  The  mottles  ma^  be -3  mm.  across.  It  is  not 
plain. 

S4.  Fine  grained  amygdaloid  with  hard  amygdules  and  quartz;  very 
little  epidote;  some  pinkish  material.     This  must  be  near  a  contact. 

85.  Massive  ophite.  Mottling  not  over  1-2  mm.  One  seam  face 
covered  with  laumontite;  another  with  slickensided  chlorite. 

86.  Ophite.  Rather  fine  grained.  One  face  covered  with  laumontite 
— just  a  film. 

87.  Ophite;  somewhat  coarser.  One  .seam  covered  with  a  white  coat- 
ing of  small  granular  crystals.  Are  they  analcite?  They  do  not  effer- 
vesce in  acid,  and  seem  to  be  reasonably  soft. 

88.  Massive  ophite.  Mottles  3-4  mm.  Occasionally  prismatic  forms 
of  augite  7  x  2  or  5  x  2. 

89.  Another  coarse  ophite.  One  face  covered  with  laumontite. 
Mottles  distinct  and  about  4  mm. 

90.  Well-marked  ophite.  Mottles  about  3  mm.'  One  face  coveretl 
with  laumontite,  pink  and  white. 

91.  Ophite.  Mottling  faint — about  the  same  as  heretofore.  Per- 
haps somewhat  more  chloritic. 

92.  Coarse  ophite.     Mottles  about  3-4  mm. 
45 
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93.  Medium  {iruiiicd  ophite.  Two  faces  making  an  angle  of  105°  cov- 
ered with  laumontite.     Mottles  2-3  mm. 

94.  Ophite.  One  face  covered  with  laumontite.  Mottles  somewhat 
finer.     2-3  mm. 

95.  Massive  ophite  about  the  same  grain. 

96.  Slightly  amygdaloidal  with  blotches  of  epidote,  radial  chlorite, 
calcite. 

Belt  62.  97.     Distinctly  finer  but  of  massive  trap.     The  chlorite  on  seams  and 

in  smaller  chlorite  amygdules.  I  should  not  have  taken  96  to  be  amygda- 
loid top,  but  as  my  notes  say  there  is  a  well-marked  amygdaloid  and 
finer  grain  is  distinct,  it  had  better  be  counted. 

99.  Massive  ophite.  Curved  faces  covered  with  slickensided  chlorite. 
Mottling  2-3  mm. 

100.  Massive  ophite.  Two  faces  covered  with  a  dark  serpentine  or 
chlorite.     Mottling  is  less  than  4  mm.     Perhaps  nearly  5. 

101.  Many  surfaces  covered  with  slickensided  chlorite.  Mottling 
5  mm. 

102.  One  face  covered  with  laumontite;  one  with  chlorite.  Mottles 
5  mm. 

103.  Massive  ophite.     Mottles  5-6  mm. 

104.  Coarse  ophite.     Mottles  6  mm. 

105.  Coarse  ophite.  Mottles  quite  conspicuous.  4  mm?  The  luster 
patches  are  a  little  smaller  than  the  general  effect  of  the  mottling  perhaps. 

106.  Ophite.     Mottles  3-4  mm. 

107.  Massive  ophite.  There  are  some  little  white  specks  but  they 
are  not  sharp  walled  and  do  not  appear  to  be  genuine  amygdaloids.  They 
have  a  fibrous  structure  and  are  hard.  Probably  prehnite  or  thomsonite. 
May  be  a  little  copper.     This  is  not  a  compact  amygdaloid. 

108.  Well-marked  ophite.  One  face  covered  with  laumontite.  Mot- 
tles about  3-4  mm. 

109.  Well-marked  ophite.  Dark.  Mottles  about  3  mm.  and  very 
plain — colored  and   dark  and  full  of  serpentine  or  chlorite.     Brownish 

Inge  of  the  augite  is  faintly  visible. 

110.  Well-marked  ophite'.  Mottles  about  the  same — 3-4  mm.  This 
piece  seems  to  show  no  secondary  minerals  and  seams. 

111.  W^ell-marked  ophite.  Small  speck  of  native  copper  and  little 
stringer  of  calcite,  mottles  being  2-3  mm.  This  is  not  properly  amygda- 
loid. 

112.  Luster  mottled  2-3  mm.  with  amygdules  of  pink  copper-bearing 
prehnite. 

Belt  61  113.     Massive  ophite.     2-3  mm.  with  one  or  two  amygdules  of  pink 

not  inde-    prehnite. 

pendent.         114.     Massive    ophite.     Rather    decomposed    with    a    few    chloritic 

amygdules  and  one  or  two  of  prehnite.     Mottles  not  plain  but  probably 

rather  coarse. 

115.  Massive,  fine  grained  ophite  with  numerous  chloritic  blotches, 
and  one  showing  calcite,  epidote  and  copper  in  the  center  beside  a  chlori- 
tic rim. 

116.  Fine  grained  ophite.  Not  over  1  mm.  Few  chlorite  amyg- 
dules.    There  is  a  confusion  here  between  samples  and  records. 

117.  Well-marked  amygdaloid.  Brecciated  and  perhaps  amygda- 
loidal  conglomerate.     A  cement   of  calcite;   prehnite;   trace  of  copper. 
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This  i^  peculiar  in  that  there  is  a  bonier  of  earlier,  slightly  brownish  cal- 
cite  on  top  of  which  occurs  a  light  greenish  mineral  which  I  take  to  be 
prehnite.     This  is  evidently  close  to  a  contact. 

118.     Fine  grained,  brecciated,  decayed  amygdaloid  with  epidote  and 

""^im      Fine  grained  well-marked  ophite.     Mottling  not  over  U  mm. 

120'     Fine  grained  massive  trap.     A  little  laumontite  m  one  seam. 

121'.  Fine  grained  massive  ophite.  Little  stringer  of  laumontite  and 
calcite.     Mottles  less  than  2  mm.  c       ■■,  . 

199  Fine  grained  ophite  with  a  few  coarse  amygdules  of  epidote, 
and"quartz  and  smaller  ones  of  chlorite.     Epidote  is  very  yellow  and  has 

distinct  needles.  .  ,   ,         rru        ^f+^„ 

123      Trap  similar  to  122,  but  with  chlontic  amygdules.     These  often 

show  a  fibrous  layer  of  chlorite  with  a  hollow  center  in  which  it  has 

erown.     The  ground  is  chocolate  brown. 

124.     Fine  grained,  well  marked  amygdaloid.     Probably  near  contact 

with  porphyritic  feldspar  laths  1  mm.  or  so  long. 

125      Massive  trap,  fine  grained.     Laumontite  and  chlorite  seam 
126^     Dark  ophite.     Mottles  well-marked  but  not  more  than  about 

H  mm      Very  fresh  looking. 

127.'  Two    pieces.     Ophite    about    2-3    mm.     Chloritic    shckensided 

joints. 

128.     Massive  ophite.     2^  mm. 

129  Massive  ophite.  2-3  mm.  One  seam  covered  with  soft  white 
effervescent  stuff  in  pearly  coats-I  presume  calcium  carbonate,  is  it 
possibly  magnesium  carbonate? 

130.  Massive,  luster  mottled  ophite  3  mm. 

131.  Massive  ophite  1-2  mm. 

132.  Massive  ophite  about  same  grain.  One  face  heavily  coated 
with  striated  chlorite  and  calcite. 

133.  Massive      ophite.     2    mm?     One    seam    coated    with    striated 

chlorite.  ^  „  , 

134  A  rather  fine  grained  ophite  with  2  or  3  parallel  seams. 

135  Rather  fine  grained  ophite.  On  one  side  a  seam  2  mni  thick 
of  chlorite,  on  the  other  10  mm.  thick  of  calcite  and  chlorite.  The  cal- 
cite shows  pressure  banding  very  finely.  ui^^Ui^ 

136.     Apparently  still  ophite,  much  decomposed  and  seamed  chlontic. 
137      Fine  grained  with  chlorite  amygdules. 

138'  Apparently  not  veiy  coarse  ophite.  Rather  decomposed  with 
bluish  chlorite  on  some  places.     Mottles  probably  1-2  mm. 

139  Massive  ophite.  Mottles  probably  not  over  1-2  mm.  Ked 
and  green  ground.     Somewhat   coated   with  chlorite,   laumontite,  etc., 

on  faces.  ,  ,     .  j  1 

140  Ophite  not  over  1-2  mm.,  with  fine  chlorite  amygdules. 
141.     Ophite  fine  grained  with  frequent  chloritic  blotches. 
142      Ophite      Mottled  and  with  vague  amygdules. 

143'     Fine  grained,  red  matrix,  and  one  end  well-marked  amygdaloid 
spot  filled  with  chlorite  and  calcite. 
Belt  59  144.     Fine  grained  ophite.     About  1  mm. 

145      Two  or  three  pieces.     Massive  ophite  about  2  mm. 
146'.     Ophite  with  chlorite  and  laumontite  near  face.     About  same 
grain. 
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147.  Ophite,  fine  grained,  witli  chlorite  amygdules. 

148.  Well-marked  amygdaloid  with  a  grayish-brown  base,  fibrous, 
greenish,  hard  prelmite  in  irregular  amygdules.  Little  epidote  older 
than  the  prelmite.     Probably  a  little  copper. 

Belt  58.  149.     Fine  grained  ophite,  with  slickensided  chlorite  seams. 

150.  Ophite.     1-2  mm.  with  a  face  heavily  slickensided  with  chlorite. 

151.  Ophite.  2^  mm.  Some  faces  heavily  slickensided  with  chlorite. 
The  direction  of  the  striations  comes  together  on  two  faces  sloping  to- 
ward each  other. 

152.  3  mm.  ophite,  with  one  face  having  slickensided  striations. 

153.  Massive  ophite  about  same  grain,  with  a  seam  of  .slickensided 
chlorite  8  mm.  thick.  Is  it  not  possible  that  in  knocking  off  small  speci- 
mens there  is  a  tendency  to  get  too  much  of  this  chloritic  seam  material? 

154.  Well-marked  massive  ophite.  Mottles  3-4  mm.  One  face 
heavily  slickensided  with  chlorite. 

155.  Fine  grained;  uniform  in  color;  apparently  decomposed  mass  of 
quartz  and  chlorite  with  seams  of  quartz  and  prehnite  containing  quite  a 
little  native  copper. 

156.  Marked  coarse  ophite.     Mottles  3-5  nmi. 

157.  Marked  coarse  ophite.     Mottles  4-5  mm. 

158.  Finer  ophite.     Mottles  4-5  mm. 

159.  More  feldspathic  looking.  Lighter  colored.  Mottles  about 
4  mm. 

160.  Marked  ophite.     Mottles  about  4  mm. 

161.  Marked  ophite.  Mottles  somewhat  lighter.  About  5  mm.,  or 
even  6  mm.  long.  Tend  to  be  prismatic.  In  one  side  of  the  specimen  is 
a  little  seam  of  cupriferous  pink  prehnite  and  chlorite. 

162.  Marked  ophite.  Mottles  about  3-4  mm.  One  side  heavily 
slickensided  with  chlorite. 

163.  Marked  ophite.     Mottles  3-4  mm. 

164.  On  one  side  ordinary  laumontite.  Ophite  with  mottles  per- 
haps 3-4  mm.  Transition  can  very  easily  be  seen  through  the  doleritic 
texture  which  occupies  about  §  of  the  specimen.  In  this  the  feldspar 
is  much  coarser.  There  are  porous  irregular  blotches  filled  with  epidote 
and  calcite,  around  which  the  green  appears  to  be  finer,  but  probably 
not  so.  The  feldspars  are  something  like  3  mm.  long.  The  augite  is 
still  probably  coarse.  Along  the  contact  betw-een  the  doleritic  texture 
and  the  regular  ophite  there  is  an  unusual  amount  of  chlorite,  but  there 
is  no  sharp  line  or  growing  finer  of  either  texture.  In  fact  the  augite 
patches  in  the  doleritic  may  be  seen,  but  owing  to  the  feldspar  they  are 
not  so  conspicuous.  This  doleritic  streak  seems  to  have  been  used  to 
divide  belts. 

Belt  57.  165.     Coarse  ophite.     3-5  mm. 

166.  Ophite.     2-3  mm. 

167.  2-3  mm. 

168.  Ophite,  with  few  chloritic  amygdules.     2-3  mm. 

169.  2-3  mm.  A  few  chloritic  amygdules.  One  shows  a  fibrous 
chlorite  at  the  margin,  and  then  solid  chlorite  at  the  center.  Mainly 
delessite. 

170.  1-2  mm. 

171.  Fine  grained  ophite. 

172.  Fine  grained  ophite  with  chloritic  spots,  probably  arranged  in 
flow  lines. 
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173.  'J'he  parting  due  to  the  clilorilic  spots  quite  well  marked,  which 
probably  indicates  the  flow  or  direction  of  dip.  Both  massive  and 
radiate  chlorite  occur. 

174.  Fine  grained  ophite  with  few  chloritic  speck.s. 

175.  Fine  grained  ophite  with  chloritic  coated  face. 

176.  Finer  grained  trap.  Seam  coated  with  chlorite  and  yellow 
earth. 

177.  Fine  grained  ophite.     About  2  mm.  mottling.     Chlorite  seams. 

178.  Ophite.     2-2^  mm.     With  chlorite  seams  and  dark  color. 

179.  Ophite.  Mottles  2i-3  mm.  One  face  is  covered  with  slicken- 
sided  chlorite. 

180.  Marked  ophite.  1-2  mm.  One  face  is  very  finely  polished  and 
slickensided.     Another  is  studded  with  chlorite  and  calcite  in  patches. 

181.  Very  dark  ophite;  patches  about  3  mm. 

182.  Lighter  ophite;  patches  3-4  mm. 

183.  Coarse  ophite;  patches  from  4-5  mm. 

184.  Coarse  ophite,  with  numerous  chlorite  slickensides;  patches 
3-5  mm. 

185.  Distinct  ophite;  patches  4-5  mm. 

186.  Ophite  with  chlorite  slickensides.  Some  very  highly  polished. 
The  slickensides  tend  to  run  together,  not  exactly,  but  not  far  from  at 
right  angles  to  the  line  of  intersection  of  the  planes  on  which  they  are. 
Mottles  about  3  mm. 

187.  Ophite.  2-3  mm.  It  seems  also  to  be  full  of  secondary  quartz, 
or  is  it  possibly  primary  olivine?  It  looks  fresh  but  is  a  clear,  glassy 
mineral  with  little  specks  all  through  it.  On  one  side  there  is  a  heavy 
chlorite  slickenside. 

188.  Fine  grained  ophite.     Two  pieces  in  this  bag  which  do  not  match. 

189.  Fine  grained  trap  with  chlorite  and  calcite  seams. 

190.  Fine  grained  trap  with  chlorite  and  calcite  seam.s. 

191.  Fine  grained  trap. 

192.  Ophite.     1  mm.  or  so. 

193.  Fine  grained  ophite. 

194.  About  the  same. 

195.  Full  of  chlorite  seams;  probably  1-2  mm.  ophite. 

196.  Distinctly  mottled;  about  2  mm.  With  a  few  chloritic  specks 
and  chlorite  slickensided  joints. 

197.  Fine  grained  ophite. 

198.  Fine  grained  ophite  with  chlorite  slickensided  joints. 

199.  Very  fine  grained  trap;  feldspar  sometimes  standing  out  in  some 
chloritic  relief  with  small  chlorite  flecks. 

200.  Fine  grained  trap  with  chloritic  flecks.     Chlorite  on  one  face. 

201.  Fine  grained  trap.     Perhaps  little  copper;  chlorite  flecks. 

202.  Fine  grained  trap  and  occasionally  feldspars  which  stand  out  in 
relief,  traversed  by  a  seam  of  calcite.  One  face  is  coated  with  calcite 
and  chlorite. 

203.  Fine  grained,  but  not  entirely  dense,  with  numerous  chlorite 
and  a  few  calcite  amygdules  coated  on  two  faces  with  chlorite  and  cal- 
cite. Note  how  the  calcite  is  separated  into  concentric  layers  by  red 
bands  and  agatoid  appearance. 

204.  Rather  fine  grained  trap  with  chlorite  amygdules. 
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205.  Rather  fine  grained  trap  with  ehloritic  seams  and  blotches  to  a 
slight  extent,  but  no  well-defined  amygdules. 

206.  Fine  grained  trap  with  some  chlorite  amygdules.  This  is  a  trap 
rather  than  an  amygdaloid. 

207.  Fine  grained  trap  and  ehloritic  blotches  and  reddish  streaks 
Avhich  may  be  altered  olivine  are  some  what  more  conspicuous. 

208.  Very  fine  grained,  dense  trap.  Reddish  brown  with  chlorite  on 
joint  faces.     Not  particularly  striated. 

209.  Osceola  amygdaloid.  Gray,  decomposed  looking;  full  of  calcite 
in  large  patches  and  with  poikilitic  effect;  also  epidote;  and  in  spots; 
there  are  numerous  round,  smooth  walled  amygdules  with  pink  prehnite. 

210.  Amygdaloid  with  red  fine  grained  base,  and  various  sized  amyg- 
dules, smooth  walled,  coated  with  chlorite  and  filled  with  chlorite,  epidote 
and  calcite.  Here  as  generally  the  epidote  and  chlorite  are  early;  the 
calcite  and  prehnite  are  late. 

Belt  56.  211.     Massive  fine  grained  trap.     Few  small  chlorite  specks. 

212.  Fine  grained  ophite  and  joints  abundantly  covered  with  chlorite. 

213.  Ophite  with  heavy  slickensided  chlorite.  Mottles  probably 
about  2  mm. 

214.  Ophite.  Chloritic  slickensided  joint  plane.  Mottles  about 
2^  mm. 

215.  Ophite.  Must  have  been  a  little  copper  on  one  of  the  joints, 
as  it  has  bluish  stains.     The  mottles  are  3  mm. 

216.  Coarsely  mottled  ophite.     4 J  mm.     Soft  chlorite  on  joints. 

217.  Coarse  ophite.     Not  less  than  3  mm. — probably  much  more. 

218.  Coarse  ophite.     4-5  mm. 

219  and  220.  .  In  here  probably  about  the  same. 

221.  3-4  mm. 

222.  Massive  ophite  with  chloritic  joints.     4  mm. 

223.  Well-marked  massive  ophite,  about  3  mm. 

224.  Finer  ophite.     2-3  mm. 

225.  2  mm.     Chlorite  specked  in  spots. 

226.  Full  of  chlorite  amygdules,  small  and  at  one  side  greatly  altered 
in  epidote  with  a  formation  of  small  cavities  lined  with  crj'stalline  epidote 
and  occasionally  filled  with  calcite.  Copper  is  disseminated  in  minute 
quantities. 

Belt  55.  227.     Common  fine  grained  ophite.     Some  chlorite  spots  or  amygdules. 

228.  Fine  grained  ophite  with  ehloritic  amygdules;  in  one  case  with 
some  laumontite  and  a  little  copper.     The  laumontite  is  on  seams. 

229.  Fine  grained  massive  ophite. 

230.  Amygdaloid.  Very  much  decayed.  Full  of  calcite.  Gray 
with  stains  of  copper. 

231.  Fine  grained.  Not  very  amygdaloidal  but  full  of  disseminated 
epidote,  and  a  hollow  amygdaloid  showing  crystals  of  epidote  or  some- 
thing else. 

232.  Amygdaloid  with  unusual  chocolate  red  base  and  amygdules 
of  epidote  or  a  very  light  colored  chlorite  lining,  and  pink  or  w'hite  calcite 
centers.     This  very  light  chlorite  reminds  one  in  color  of  prehnite. 

233.  Well-marked  brecciated  amygdaloid.  The  fragments  and  red- 
dish or  gray  amygdules  with  chlorite  or  calcite  amygdules  are  seamed 
by  a  matrix  of  epidote  and  calcite. 

234.  Well-marked    amygdaloid    with    reddish    or   gray    ground,    the 
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latter  made  up  of  grayish  white  alteration  of  feklspar  being  more  con- 
spicuous.    The  amygdules  are  calcite  or  light  colored  chlorite. 

235.     Amygdaloid.     Hard,  red  and  dense  base  and  chlorite  or  calcite 
amygdules.     Chlorite  also  occurs  on  seams. 
Belt  54.  23(3.     Distinct  ophite.     Mottles  about  2-3  mm. 

237.  Massive  ophite.  Mottles  2  mm.  One  spot  of  chlorite  amygda- 
loid.    These  are  likely  to  occur  anywhere  in  the  trap. 

238.  Well-marked  ophite.     3  mm.     Slickensided  chlorite  face. 

239.  3-4  mm.     Ophite. 

240.  2-3  mm.  Ophite.  One  face  has  a  2  mm.  calcite  seam;  another 
is  heavily  coated  with  slickensided  chlorite  and  calcite. 

241.  Rather  finer  grained  ophite.  2-3  mm.  perhaps.  One  side  is 
slickensided  and  coated  with  chlorite  and  pink  calcite. 

242.  Fine  grained  massive  ophite.     Two  pieces. 

243;  Probably  fine  grained.  All  cut  up  with  chlorite  seams.  Mas- 
sive trap. 

244.  Fine  grained  ophite.  1-2  mm.  mottling.  One  large  amygda- 
loid. 

245.  Finer  grained  with  numerous  small  chlorite  amygdules  and  few 
large  calcite  amygdules.     The  matrix  is  the  usual  chocolate  brown. 

246.  Fine  grained,  reddish  brown  with  few  large  amygdules,  showing 
the  first  epidote,  and  about  the  same  time  also  near  the  margin  of  the 
amygdaloid,  a  red  calcite.  This  seems  to  be,  however,  a  little  later  than 
the  epidote  in  the  interior.  There  is  a  clear  white  calcite  much  more 
vigorously  effervescent,  showing  pressure  twinning  very  finely,  and  then 
powdered  light  greenish  with  chlorite.  The  contact  between  the  two 
types  of  carbonate  is  very  marked. 

Belt  53.  247.     Two  pieces.     Fine  grained  with  chlorite  on  the  joints.     Slicken- 

sided . 

248.  Fine  grained  with  a  reddish  band  of  alteration  passing  through 
it,  and  at  one  side  the  surface  slickensided  and  coated  with  calcite 
chlorite  and  apparently  iron  oxide. 

249.  Fine  grained  trap  with  few  small  chlorite  amygdules. 

250.  Dark  and  fine  grained.     Chlorite  in  the  joints. 

251.  Massive,  fresh,  fine  grained  ophite.  Feldspar  not  over  1  mm. 
At  one  end  there  are  chloritic  joints.  The  mottles  certainly  less  than 
1  mm. 

252.  Very  similar.     Perhaps  1  mrn.  mottling. 

253.  A  good  deal  slickensided  with  chlorite  and  calcite.  Probably 
somewhat  mottled. 

254.  Massive,  fine  grained  trap. 

255.  Decomposed  with  considerable  epidote  and  chlorite,  and  fine 
mottling  1-2  mm.  is  brought  out.     There  is  also  some  chloritic  flecking, 

256.  Very  much  altered.  Apparently  fine  grained.  Crossed  by 
seam  of  epidote  and  one  of  epidote  and  calcite.  Mass  of  rock  seems  to 
be  full  of  epidote,  chlorite  and  quartz,  perhaps  also  some  laumontite. 

257.  Ophite.  2-3  mm.  mottling  with  chlorite  spots  and  chlorite  on 
seams. 

258.  Distinct  ophite.  3  mm.  with  chlorite  and  epidote  seams.  Also 
a  grayish  green  calcite  and  chlorite.  ■    . 

259.  Coarse  ophite,  very  heavily  slickensided,  course  of  the  striations 
being  at  right  angles  to  each  other. 
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260.  Fine  grained  opliite.     Massive;  somewhat  reddish. 

261.  Ophite.     1-3  mm.     Rather  full  of  epidote  and  chlorite. 

262.  Light  gray;  much  altered,  and  probably  heavily  charged  with 
calcite,  which  also  occurs  as  an  earthy  encrustation  on  one  face.  The 
mass  of  the  rock  appears  to  be  white  in  laths  with  red  interstices  oc- 
casionally replaced  by  green  spots. 

263.  Massive  ophite,  dark  and  rather  fresh  looking  outside,  and 
numerous  chlorite  slickensided  faces. 

264.  Rather  coarse  and  feldspathic.  Faintly  ophitic  with  a  few 
chlorite  blotches. 

265.  Fine  grained  and  fresh  looking. 

266.  Several  pieces.  Reddish;  rather  fine  grained,  with  some  small 
chlorite  spots  and  fissures  .several  mm.  wide  full  of  striated  calcite  and 
chlorite. 

267.  Medium  grained  trap,  with  chlorite  and  calcite  on  the  faces. 
Mottles  perhaps  about  2  mm. 

268.  Fine  grained,  very  red,  but  the  feld.spar  laths  are  often  con- 
spicuous under  the  microscope.  Apparently  quite  feldspathic.  One 
seam  is  coated  with  chlorite. 

269.  Very  similar  to  268. 

270.  Probabh  somewhat  mottled.  2-3  mm.  Reddish  with  chlorite 
on  seams. 

271.  Shows  contact  between  the  red,  not  distinctly  mottled  ophite 
and  a  seam  of  the  doleritic  type,  with  coarse  feldspar  3  mm.  long,  coarse 
chlorite  blotches,  and  apparently  everything  coarser. 

272.  Mottled  2-3  mm.,  probably  with  blotches  of  calcite  and  chlorite. 

273.  Apparently  fine  grained,  massive,  dark  browniish  trap  with  only 
occasional  amygdules  of  chlorite. 

274.  Very  like  273.     Two  pieces. 

275.  About  similar  to  274  in  general  ground  mass,  but  there  are  well- 
marked  banded  amygdules,  generally  whitish  at  the  circumference  and 
light  green  at  the  center.  There  appears  to  be  no  epidote.  The  center 
may  be  altered  prehnite.     Hardness  is  about  4. 

276.  Rather  fine  grained  reddish  trap,  and  red  specks  which  may  be 
altered  olivine  are  rather  conspicuous. 

277.  Reddish  fine  grained  ophite  with  a  few  chlorite  amygdules. 

278.  Reddish,  fine  grained  opliite  with  slickensided  chlorite  on  the 
irregular  joints. 

279.  Reddish  trap  with  faint  mottling,  if  any. 

280.  Massive  trap,  rather  fine  grained,  with  occasional  small  amyg- 
dules. 

281.  Rather  fine  grained  with  small  chlorite  blotches,  and  on  the 
joint  faces,  laumontite  and  chlorite. 

282.  Rather  fine  grained  with  disseminated  chlorite  and  laumontite 
and  chlorite  on  the  joints. 

283.  Well-marked  amygdaloid.  Reddi.sh  chocolate  fragments. 
Small  white  amygdules  and  irregular  filling  of  epidote,  red  calcite  and 
white  calcite. 

284.  Also  well  marked  amygdaloid,  with  fine  grained  chocolate  base. 
Disseminated  chlorite  and  epidote,  and  red  and  white  calcite  in  irregvdar 
fissures. 

285.  Same.     Well  developed. 
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Belt  52.          286.  Same.     Calcite  shows  pressure  twinning  very  finely. 

•  287.  Fine  grained  trap;  massive.     Reddish  alteration  line. 

■288.  Rather  fine  grained  ophite.     Calcite  and  chlorite  on  joint  plane. 

289.  Massive  ophite  about  2  mm. 

290.  Dark,  fine  grained  trap.     Probably  faintly  mottled. 

291.  Ophite.     2-3  mm. 

292.  Ophite,  with  a  decomposed  seam,  calcite  and  a  little  copper, 
chlorite.     Mottles  3-4  mm? 

293.  Ophite   with  a   heavy  seam   of  slickensided   chlorite.     Mottles 
3  mm. 

29-4.     Ophite,  well-marked;  massive.     Mottles  3  mm. 

295.  Mottled  3-4  mm.     More  or  less  altered  reddish  and  with  heavy 
slickensided  chlorite  on  seam. 

296.  Well-marked  ophite;  chlorite  on  seams.     Mottling  about  3  mm. 

297.  W>ll-marked  ophite.     Mottling  2-3  mm. 

298.  Well-marked  ophite.     Mottling  2-3  mm.     One  amygdule.     One 
end  reddish  altered. 

299.  Massive  ophite.     Mottling  about  2  mm.     Some  laumontite  and 
calcite  on  seam. 

300.  None. 

301.  Rather  fine  grained  ophite.     1-2  mm.,  with  some  chlorite  and 
calcite  on  seams. 


302.     Fine  grained  ophite  about  1  mm.,  wdth  some  blotches  of  chlorite; 
fairly  distinct  amygdules,   also  laumontite  and  a  little  copper  on  the 
joint  face. 
Belt  51.  303.     Fine   grained  and  a   good   deal   crushed.     Full   of  slickensides 

covered  with  chlorite  and  laumontite. 

304.  Probably  all  a  piece  of  one  pebble  in  conglomerate,  though  about 
12  mm.  long  and  fairly  coarse  grained  rock  composed  of  oligoclase  and 
orthoclase  and  quartz.  Somewhat  patchy.  Probably  belongs  to  the 
augite  syenite  family.  The  joint  is  coated  with  calcite  and  there  are 
copper  stains. 

305.  Calumet  conglomerate.  Pebbles  of  quartz  porphyiy  and  red 
base,  and  quartz  crystals  several  mm.  across,  and  feldspar  up  to  20  mm. 
Orthoclase.  Little  stains  of  copper  can  even  be  seen  in  the  quartz  in  the 
small  fissures  traversing  the  seam.  The  matrix  consists  of  a  red  feldspar 
which  comes  next  the  pebble  and  in  the  little  seams  of  the  same.  This 
is  often  a  brighter  red  than  the  felsite  matrix.  The  very  margin  of  the 
feldspar  is  often  bleached  and  it  appears  to  have  passed  into  a  granular, 
secondary  aggregate.  Separated  in  most  cases  from  the  pebbles  by  a  red 
zone  arovmd  areas  of  calcite  and  in  this  copper  often  occurs.  Besides  the 
felsite  there  is  at  least  one  pebble  which  appears  to  be  of  the  common 
amygdaloid,  gray  with  calcite  filling.     Calcite  shows  pressure  twinning. 

306.  Same  as  305  with  rather  more  matrix.  One  of  the  felsites  with 
a  darker  base  shows  marked  oligoclase  phenocrysts.  There  is  also  a 
pebble  with  quartz  and  oligoclase  phenocrysts  and  a  rhyolitic  ground. 
Probably  some  other  cr;ystals  besides.  In  one  case  they  seem  to  be  re- 
placed by  epidote,  which  seems  to  line  several  open  pores,  though  not 
apparently  abundant  on  the  rock  as  a  whole.  One  green  streak  of  car- 
bonate of  copper. 
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307.  Seems  like  an  ordinary  amygdaloidal  confjlonierate  with  a  lot 
of  amygdaloidal  fragments,  with  calcite  filling  and  also  epidote  in  the 
interstices. 

308  A.  Shows  the  most  copper  of  any  of  this  series.  There  is  a  large 
crystal  of  quartz  porphyry  .showing  distinct  quartz  and  feldspar  pheno- 
crysts,  but  the  ground  mass  .seems  almost  to  be  a  specular  iron  ore,  being 
heavily  enriched  with  iron  oxide.  There  are  numerous  other  pebbles 
of  various  kinds,  and  part  of  the  same  pebble  which  has  this  extra  en- 
richment of  iron  oxide  .seems  to  be  blanched. 

309.     Well-marked    conglomerate.     Pebbles    rather   smaller   and    the 
matrix  composed  of  small  fragments  of  various  sizes.     Comparatively 
little  sign  of  alteration,  but  &  little  copper  staining.     'J'he  last  matrix 
appears  to  be  calcite,  and  there  is  some  epidote. 
Belt  50.  310.     Dark  ophite.     Fine  grained,  massive,  with  a  hackly  fracture  as 

though  full  of  little  slips. 

311.  Well-marked  amygdaloid  with  amygdules  bordered  with  red 
calcite  and  chlorite  and  white  calcite  centers. 

312.  Fine  grained  trap  with  little  chlorite  and  laumontite  and  calcite 
on  joints. 

Belt  49.  313.     Fine  grained  with  spots  of  amygdaloid,  with  very  small  pores 

filled  with  red  or  green  mineral,  probably  chlorite  or  calcite. 

314.  Fine  grained  trap.     Chlorite  slickensides  on  joints. 

315.  Fine  grained  trap.  Seems  to  have  a  little  tendency  toward  a 
glomeroporphyritic  appearance. 

316.  Distinctly  well-marked  ophite.  1-2  nun.  Slickensided  chlorite 
on  joints,  in  at  least  three  different  directions. 

317.  Marked  ophite,  about  same  grain.  Very  well  marked  slicken- 
sided chlorite  on  joints.     Some  of  them  also  show  copper  carbonate. 

318.  Another  specimen  of  Calumet  conglomerate.  Shows  frequent 
stains  of  copper.     Both  A.  &  B.  are  Calumet  conglomerate. 

319.  Well-marked  ophite.     2-5  mm.     Chlorite  on  joints. 

320.  Well-marked  coarse  ophite.     Mottles  3-5  mm. 

321.  Marked  coarse  ophite.     Mottles  6  mm. 

322.  Marked  coarse  ophite.     One  seam  heavily  coated  with  chlorite. 

323.  Coarse  ophite.     Mottles  perhaps  5  mm.     Chlorite  seams. 

324.  Well-marked  ophite.  Mottles  4-5  mm.  Heavy  seams  of 
slickensided  chlorite. 

325.  Coarse  ophite.     Mottles  about  3  mm.     Chlorite  seams. 

326.  Ophitic,  growing  finer.     Mottles  2-3  mm.     Much  jointed. 

327.  Fine  grained  with  slickensided  chlorite  seams  all  through. 

328.  Fine  grained;  large  amount  of  slickensided  chlorite. 

329.  Mottles  1-2  mm.     With  heavy  seams  of  slickensided  chlorite. 

330.  Fine  grained  with  numerous  small  chlorite  amygdules.  Some 
laumontite  and  chlorite  on  seams. 

331.  Very  fine  grained,  some  epidote.  A  good  deal  of  chlorite  dis- 
seminated through  the  rock.  Looks  as  though  it  might  be  brecciated 
trap  or  chlorite  amygdaloid  just  under  the  rjiain  amygdaloid. 

332.  Is  unquestionably  a  mistake.  Sample  is  from  a  big  pebble  in 
the  Calumet  conglomerate,  being  of  the  augite  syenite  type. 

333.  Is  amygdaloid  or  amygdaloidal  conglomerate.  Has  somewhat 
fragmental  appearance,  with  red  and  gray  amygdules  and  calcite  and 
epidote  in  the  interstices.  The  amygdules  are  filled  with  calcite  often 
greenish  and  coated  with  chlorite. 
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334.  Fine  grained  and  rather  massive,  but  full  of  small  chlorite 
amygdules.     Ground  mass  quite  brown. 

335.  None. 

336.  Brecciated  amygdaloid  or  amygdaloidal  conglomerate.  There 
seem  to  be  fragments  of  gray  and  red  amygdules  mixed  in  together  with 
a  good  deal  of  epidote  and  calcite  in  the  matrix.  Probably  this  is  only 
a  brecciated  amygdaloid.  Cf.  with  bed  at  general  horizon  of  the  Hough- 
ton conglomerate. 

337.  Well-marked  amygdaloid  with  small  and  fine  amygdules  and  a 
bluish  or  reddish  brown  matrix  and  a  good  deal  of  epidote  in  the  pores. 

338.  Similar  brecciated  amygdaloid,  but  the  amygdaloid  is  more  in 
spots. 

339.  May  be  amygdaloidal  conglomerate.  They  appear  to  be  ir- 
regular fragments,  of  different  types  of  amygdules.  There  is  much  epi- 
dote in  the  interstices;  as  usual  the  epidote  is  next  the  rock  and  the  cal- 
cite in  the  centers.  Amygdules  proper  may  be  filled  with  epidote  or 
chlorite  and  calcite. 

Belt  49.  340.     Amygdaloidal  conglomerate,  or  amygdaloid  of  the  same  type  as 

the  previous. 

341.     Is  similar  with  some  rather  large  cavities  filled  in  with  calcite 

and  some  other  minerals. 
Belt  48.  342.     Well-marked  trap   with  coating  of  slickensided   chlorite.     2-3 

mm.  on  one  face. 

343.  None. 

344.  Fine  grained  ophite;  probably  1-2  mm. 

345.  Probably  an  ophite.  Almost  all  surfaces  old,  joints  with  chlorite 
covering. 

346.  Marked  ophite.     2-3  mm.     Chlorite  on  joints. 

347.  Marked  ophite.  3  mm.  Heavily  slickensided  with  chlorite 
on  joints. 

348.  Marked  ophite.     2-3  mm. 

349.  Marked  ophite.     1-2  mm.     Shckensided  chlorite  on  joints. 

350.  "One  of  these,  but  not  known  which  one,"  on  bag. 

The  two  pieces  are  both  of  ophites  of  about  same  grain,  say  2  mm. 
One  has  a  heavy  chlorite  seam  on  one  side.  The  other  has  also,  chlorite 
seams  but  not  quite  so  much  and  the  mottling  is  a  shade  less  pronounced. 
Probably  one  of  these  represents  one  of  the  previous  missing  numbers  e. 

g.  343. 

351.  Ophite.     Fine  mottling.     About  2  mm. 

352.  Much  finer  grained.  1-2  mm.  Some  chlorite  and  also  a  seam 
of  calcite. 

353.  Fine  grained  with  some  laumontite  coated  seams. 

354.  Chloritic  seams.  Coarsely  amygdaloidal  with  chlorite  and  cal- 
cite.    Base  fine  grained  and  brown. 

355.  Like  354.  Amygdules  of  calcite  lined  with  chlorite,  somewhat 
more  numerous. 

356.  Also  fine  grained  Avith  a  few  chlorite  amygdules.  These  fine 
grained  specimens  seem  at  times  to  show  the  feldspar  a  little  porphy- 
ritically.     In  one  seam  a  little  calcite. 

357.  Fine  grained  faces  covered  with  chlorite. 

358.  Well-marked  amygdaloid  with  very  small  amygdules.  Greenish 
white  on  a  chocolate  brown  ground.     Same  type  as  previous  amygdaloid. 
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Belt  47.  359.     Fine  grained  trap.     Chlorite  on  .seams. 

360.  Massive  tra]).  Mottles  about  2  mm.  Numerous  chlorite  seams 
on  joints. 

361.  Ophite.     2-3  mm.     Little  chlorite  on  seams. 

362.  Ophite.     2  mm.     Chlorite  and  calcite  on  seams. 

363.  Well-marked  ophite.  Mottles  3-4  mm.  Chlorite  and  calcite 
on  seams. 

364.  Marked  ophite  about  3  to  4  mm.     Little  chlorite  on  seams. 
36.5.     Marked  ophite.     4  mm. 

366.  None. 

367.  Marked  ophite.     4  mm.     Some  chlorite  on  joints. 

368.  Marked  ophite.     5  mm.  perhaps.     Heavy  chlorite  .seams. 

369.  Coar.se  ophite.     3  mm.     Chlorite  on  seams.     Also  calcite. 

370.  Massive  ophite.     Mottles  about  3  mm. 

371.  Ma.ssive  ophite.  Mottles  probably  2-3  mm.  Heavy  chlorite 
seams. 

372.  Marked  ophite.  Rather  fine  grained.  Well-marked  chlorite 
slickensides. 

373.  Fine  grained  ophite.     1-2  mm.     Very  little  chlorite. 

374.  Fine  grained  ophite.  1-2  mm.  With  occasional  amygdules  of 
chlorite. 

375.  Two  pieces.  Fine  grained  ophite  with  occasional  chlorite 
amygd\iles. 

376.  Fine  grained  ophite,  with  some  chlorite  amygdules. 

377.  Fine  grained  ophite  with  occasional  chlorite  flecks. 

378.  Amygdaloid  with  large  fragments  of  greenish  amygdules,  full 
of  epidote  and  chlorite  with  quartz  amygdules.  cemented  together  by 
quartz.     There  is  an  open  porous  texture. 

379.  Amygdaloid  with  open  pores.  Field  a  light  brown  ground  and 
numerous  grayish  green  amygdules. 

380.  Amygdaloid  with  a  gray  and  red  amygdaloid  mixed.  The 
amygdules  are  filled  with  calcite,  but  are  lined  with  epidote  or  gray-green 
chlorite.     The  whole  rock  seems  highly  decomposed. 

Belt  46.  381 .     Fine  grained  massive  trap  with  red  line  of  decomposed  and  heaA^ 

slickensided  chlorite  seams. 

382.  Very  fresh  looking,  fine  grained  rock,  but  with  much  calcite  on 
seams. 

383.  Fine  ophite.  Possibly  2-3  mm.  With  chlorite  and  calcite  on 
one  face. 

384.  Ophite.     About  2  mm.  mottling,  with  little  chlorite. 

385.  Ophite  with  chlorite  and  calcite  on  one  face. 

386.  Fine  grained  with  occasional  chlorite  amygdules,  with  rather 
feldspathic  looks. 

387.  Fine  grained  trap  with  few  small  chlorite  amygdules. 

388.  Fine  grained  trap  with  small  chlorite  and  calcite  amygdules. 

389.  Amygdaloid.  Yellow-green,  full  of  epidote  and  quartz,  with 
veiy  good  showing  for  copper.     There  is  also  calcite. 

390.  Amygdaloid.  Fine  grained,  brecciated,  red  amygdaloid  with 
pink  amygdules.  Is  cemented  together  largely  by  epidote.  There  is 
also  quartz.     Cf.  the  Montreal  lode. 

391 .  Fine  grained  trap  with  few  amygdules  and  copper  stains. 
The  following  samples  are,  I  believe,  from  the  Calumet  cross-cut : 
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A.  Massive  trap  with  heavy  seams  of  chlorite. 

B.  Massive  fine  grained  trap;  chlorite  and  epidote. 

C.  Fine  grained  ophite.  1-2  mm.     Some  chlorite. 

D.  Is  well-marked  breeciated  amygdaloid  with  red  and  gray  amygda- 
loidal  fragments,  and  in  interstices  epidote  and  calcite  and  perhaps  some 
other  mineral. 

E.  Augite  syenite  pebble  with  some  conglomerate. 

F.  Hea\y  ophite.     Mottles  2-3  mm.     Considerable  chlorite. 

A  bag  marked  "Calumet  Conglomerate"  contains  samples  of  conr 
glomerate  mainly  with  other  fine  grained  felsitic  pebbles.  The  ground 
mass  a  lighter  red  and  copper  a  good  deal  represented  by  red  oxide  and 
green  carbonate. 

There  are  too  many  sections  to  place  on  the  figure  37.  Slight  discrepancies  be- 
tween the  shafts  may  not  be  due  to  inaccuracies  of  records  but  to  slight  changes 
along  the  strike. 

A  section  at  3200  feet  in  the  Centennial  that  I  took  with  some  care  is  worth  re 
cording  for  the  fact  that  it  shows  that  the  third  belt  under  the  Calumet  conglomer- 
ate which  it  will  be  noticed  is  irregular  in  different   sections  is  not  an  amygdaloid 
top  at  all  but  a  slip.     It  is  a  mile  north  of  the  main  section.     The  record  follows: 

51.  Calumet  conglomerate  Ss.  16544-1654G  (27) 

52.  Amygdaloid  27-54  Ss.  16547-16548  (16.8) 

Trap  54-62  Ss.  16547-16551  (100.9) 

53.  Ophite 

Amygdaloid  262-?  Ss.  16552-16554 

54.  (75.3) 
Trap  -816  Ss.  16554-16563  (242.7) 
Slip  with  dip  35°  at  390 

55.  Ophite 

Amygdaloid  816-840  Ss.  16564-16566  (10.6) 

Trap  840-898  (87.8) 

56.  Amygdaloid.     Supposed  to  be  Osceola  16  (10) 
The  Tamarack  13th  level  cross-cut  gave: 

51.  Calumet  conglomerate 

52.  A.  35  (21.8)  and  T.  145  (90.4) 

53.  A.  50  (31.2)  and  T.  220  (137.2) 

54.  A.  20  (12.5)  and  T.  95  (59.2) 

55.  A.  40  (25)  and  T.  145  (90.4)  with  copper 

56.  Osceola  amygdaloid  750  feet  from  shaft 

Below  the  Osceola  the  old  4th  level  Calumet,  and  30th  level  Tamarack 
sections  give  substantially  agreeing  records,  allowing  for  slips,  down  to  and 
below  the  Kearsarge  conglomerate  and  close  to  the  Kearsarge  amygdaloid. 
The  section  might  have  been  extended  by  Calumet  and  Hecla  drilling  but 
in  the  figure  it  is  completed  by  the  Old  Colony  records  about  two  miles 
northeast  which  were  at  the  time  in  a  little  better  shape.  However,  for  the 
record  of  the  character  of  the  beds  in  drill  holes  consult  Calumet  and  Hecla 
drill  holes  D.  C.  and  A. 

Holes  A.  D.  and  C  are  nearly  in  line  with  the  long  cross-cut  of  the  Calumet 
and  Hecla  shown  in  the  plate  and  continue  its  section.  They  are  in  turn  to 
be  continued  by  drilling  on  the  St.  Louis  property;'  Section  19,  T.  56,  R.  32, 

'Since  completed.     See  Appendix. 
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making  a  section  S.  56°  33 '  W.  from  Kearsarge  shaft  No.  20.      I'hey  are  also 
continued  by  the  drilHng  around  Kearsarge  shaft  No.  21. 


Calumet  and  Hecla  drill  hole  D.  Drilled  northwesterly  from  C,  about  400  feet 
from  it,  practically  at  right  angles  to  the  beds,  dip  50°.  About  650  feet  above  the 
Wolverine  sandstone,  and  about  the  horizon  of  the  Kearsarge  conglomerate. 

1.  Overburden  (32) 

2.  Base  of  ophite  (32-53)  (21  + ) 

At  d  D.  32  2  mm.  mottles.     Over  42  feet  thick, 

This  is  probably  the  thick  ophite  just  below  the  Kearsarge. 

Cf.  the  98-foot  belt  4577-4701  at  Red  Jacket  and  the  No.  46  belt 
in  the  cross-cut  2.579-2632  at  Franklin  Jr. 

70.  3.      Amygdaloid    d  D.     (53-63)  10  feet,  to 

Ophite  d  D.         -86  23  (33) 

From  78-81  pseudamygdaloid,  i.  e.,  spotted  by  alteration  so  as 
to  look  like  amygdaloid.     Cf.  14.2  +  44.2  of  a  cross-cut,  nearby. 

71.  4.      Amygdaloid?  and  ophite  86-144  (58) 

Possibly  a  continuation  of  Belt  3. 

At  96,        115,  and  140  feet  we  have  the 

mottling        2,        2-3,  and      |  mm.  across. 

Cf.  197  and  203  in  cross-cut  for  3  and  4  together  make  up  91  feet 
against  98.5  of  the  cross-cut. 

72.  5.      Red  amygdaloid  with  calcite  seams  and 

Amygdules  (d  D.     144-153)  9  feet,  top  of 

Ophite  d  D.  -158    4  feet  (14) 

1  mm.  mottling  at  155  feet? 
6.      Amygdaloid  (d  D.     157-161)  4,  top  of 

Melaphyre  (d  D.     161-164)  3  (7) 

Base  below  the  base  of  the  Kearsarge  conglomerate,  about  (200) 
to  (300)  feet. 

73.  7.      Amygdaloid    (d  1).     164-166)  2  feet,  top  of 

Melaphyre  (d  D.  -187)  21  (23) 

The  trap  is  more  or  less  amygdaloidal  and  somewhat  ophitic;  5, 
6  and  7  may  belong  together.  The  three  amygdaloids  are  probably 
grouped  in  the  cross-section. 

74.  8.      Amygdaloid    (d  D.     187-194)  7  feet,  top  to 

Ophite  d  D.  -271'  6".     74  '  (85) 

At  207,    212,    226,    248,    257,    271  feet  the 

mottles  are         2,      2h,        3,    3-4,        4,    1-2  mm. 

At  235  to  236  there  is  a  green,  fine  grained  amygdaloid  bomb. 

77.  9.      Amygdaloid    (d  D.     271'  6"-277  to  9)  5  feet,  top  to 

Melaphyre    d  D.  -320  43  (48) 

From  289  to  304  feet,  semidoleritic  and  pseud oamygdaloid.     Then 
more  compact,  massive  and  faintly  ophitic. 
Base  below  base  of  the  Kearsarge  conglomerate  (356)  to  (456)  ft. 

78.  10.      Amygdaloid    (d  D.     320-328)  8  or  less  feet,  top  to 

Melaphyre  (d  D.  -264)  36  feet  +  (44)  + 

This  melaphyre  is  faintly  amygdaloid  for  a  good  part  of  the  way, 
fine  grained  and  not  apparently  ophitic.  If  it  is  the  same  belt  as 
No.  2  of  C,  and  it  can  not  well  be  any  lower  one,  it  must  be  the  upper 
part  of  the  same  flow,  which  is  probably  over  70  feet  thick.     Thus 
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D  extoiiils  from  320  feet  or  so  to  650  feet  above  the  Wolverine  sand- 
stone. 


Calumet  and  Hecla  drill  hole  C.     Put  down  about  400  feet  northwesterly  from  A 
and  at  an  angle  of  .50°,  so  as  practically  to  overlap  it. 

1.      Overburden  of  till  (566) 

78.  2.      Bottom  part  of  ophite  (d  C.     566-84)  (27  +  ) 

This  is  coarse,  rather  feldspathic,  pyritic  (secondary?)  and  grows 
denser.     Total  (say  74) 

Base  above  the  Wolverine  sandstone  (288  ft.  + ) 

Base  below  the  Kearsarge  conglomerate  (356  to  456  +  say  74)  (430) 
to  (530) 

79.  3.      Amygdaloid  (epidote,  chlorite,  laumontite  and  calcite)  (84-87) 

top  3  feet  of 
Melaphyre  (89'  6")  2  (5) 

4.      Amygdaloid  (4  d  C.     89'  6"-91)  top  2  feet  of 

Melaphyre  (which  is  coarsely  amygdaloid  to  95  ft.)  to  102'  11 "     (13) 
The  lower  contact  has  red  trap  above,  yellow-green  below. 

80.  5.      Amygdaloid,  yellow-green  (d  C.     102'6"-109)  7  feet,  and  then 

Coarse  chloritic  amygdaloid  (d  C.     109-113)  4  feet,  top  to 
Feldspathic  melaphyre  (d  C.     113-135)  2  (33) 

From  84  to  226  feet  may  be  one  throughout  coarsely  amygda- 
loidal  flow  in  overlapping  gushes.  142  feet  thick. 

81.  6.      Amygdaloid,  becoming  coarse  (d  C.     135-142  to  157?)  7  feet,  top  of 

Feldspathic  ophite,  Kearsarge  hanging,  -226 i  84 1  (91) 

At  188  to  198  feet,  laumontite,  at  206  3  to  5  mm.  mottles. 

Base  (top  of  Kearsarge  amygdaloid)  above  the  Wolverine     (145)  + 

82.  7.      Kearsarge  amygdaloid  (d  C.     226^  to  235)  8i  feet,  top  to 

Ophite,  Kearsarge  foot  (d  C.     235  to  28U)  46^  (55  +  ) 

The  amygdaloid  is  dense,  with  white,  red  bordered  amygdules. 

The  ophite  is  a  plagiophyre  like  Belt  2  of  A,  quite  dense  to  begin 
with  but  with  ophitic  mottles  about  3  mm.  across  at  the  (281'  6") 
end,  about  the  same  as  A  at  108  feet,  which  would  make  the  thick- 
ness 55+  (198-108). 

This  is  about  the  right  thickness,  as  we  see  upon  comparison  with 
A.  Hole  C  then  gives  a  record  from  90  to  315'  6"  above  the  Wol- 
verine sandstone. 


Calumet  and  Hecla  drill  hole  A,  put  down  practically  at  right  angles  to  the  dip, 
in  a  nearly  continuous  section  with  E  and  D  on  Section  13,  T.  56  N.,  R.  33  W.  No 
correction  for  true  thickness  from  apparent  thickness.  The  first  numbers  corre- 
spond to  those  on  the  section.      (Fig.  37). 

1.  Overburden  (54) 

2.  Begins  in  the  inmiediate  foot  of  the  Kearsarge  lode  or  amygdaloid, 
the  rock  still  faintly  amygdaloid,  a  red  porphyritic  melaphyre,  with 
crystals,  turned  greenish,  of  labradorite  which  at  67  feet  seem  coarser 
and  up  to  15  mm.  long,  the  augite  becoming  ophitic  at  75  feet. 
Rough  observations  of  the  size  of  the  ophite  mottlings  are: 

at        SO,        107,     ins,    121,    1.34.    1.56,    1(54,    171,    179  feet 
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3  mm.,  4-5?,        3,        4,    4-5,        3,        2,    1-2,        1 ,  respective- 
ly; the  base  is  ii  very  dense  fine  grained,  blue  trap  to  198  feet 

A  plagiophyric  ophite,  the  Kearsarge  foot  tliickness  (about  150 
feet,  allowing  for  amygdaloid)  (144)  + 

83.  3.      Wolverine  sandstone.     Absent  as  in  Section  23?  (0) 

and  part  of  the  section  cut  out? 

84.  (to  obtain  distance  below  it  subtract  about  200  feet). 

85.  4.      Epidotic,  brecciated  amygdaloid  (d  A.     198-203)  for  5  feet,  top  of- 

Ophite  (d  A.     203-273)         70  (75) 

mottling  at     208,        223,      258  feet 

1  to  2,    2  to  3,        3  mm.  respectively 
at  254  prism  shaped  augite  patches;  at  239  to  242,  249  and  254  to 
258  veins. 

86.  5.      Amygdaloid  (laumontite,  quartzose,  veined)  (270-279)  for  9  ft.  the  top 

to- 

Ophite,  feldspathic  and  doleritic  above,  (to  361)  84  (93) 

Ophitic  mottling  at  320,        326-348  feet 

3,  2-3      mm.  respectively 

87.  6.      Amygdaloid    (d  A.     361-367)  for  6  feet,  top  to- 

Melaphyre  (d  A.  -370)         3     "  (9) 

7.  Amygdaloid  (d  A.     370-377  for  7  feet  more,  then- 

Melaphyre  -381  for  4  feet  (11) 

It  is  fine  grained,  red,  and  more  or  less  amygdaloid  from  379  down. 

8.  Amygdaloid    (d  A.     381-394)  for  13  feet,  then- 

Melaphyre  (d  A.  -397)  for  3  feet  16 

9.  Amygdaloid    (d  A.     397-399)  for  2  feet,  then- 

Melaphyre  (d  A.  -401)  for  2  feet  4 

It  is  impossible  from  a  drill  hole  record  in  the  case  of  such  belts 

as  6  to  9  to  determine  whether  they  are  not  fewer  belts,  or  one  rather 

small  flow  more  or  less  amygdaloidal  throughout   (40)   feet  thick. 

Cf.  B  120-163,  and  Hole  1  near  Shaft  21  from  70-92  feet. 

10.  Sediment  on  top  of  scoriaceous  amygdaloid.     Thickness  can  not  be 

separated  from  it.     Below  the  Wolverine  .sandstone  horizon     203  ft. 

87.  11.      Scoriaceous  amygdaloid      (d  A.     401-405)  for  5  feet,  on  top  of- 

Feldspathic  ophite  (d  A.  -553)  148  feet  (153) 

This  melaphyre  remains  sparsely  amygdaloid,  with  an  occasional 
speck  of  copper,  some  way  below  411,  and  becomes  coarse  (in  one 
spot  10  mm.  feldspar  and  7  mm.  augite  and  chlorite  amygdules)  and 
doleritic  with  very  little  traces  of  ophitic  texture: 

at  515  and  540  feet 

mottles  perhaps       5  and      2  mm.  respectively 

The  base  is  fine  grained  green,  the  contact  with  the  next  under- 
lying flow  uncertain. 

88.  12.      Amygdaloid    (d  A.     553-555)  for  2  feet?  top  to- 

Melaphyre  (d  A.  -656)         101  feet  (103) 

In  this  melaphyre  the  feldspar  and  brown  specks  (I  presume  of 
altered  olivine)  are  conspicuous,  and  even  the  magnetite  and  chlorite, 
but  the  ophite  mottling  is  but  faintly  visible.  The  bottom  4  feet  are 
first  a  dark  grey,  then  a  retl  and  white  amygdaloid  and  would  prob- 
ably be  counted  with  the  underlying  amygdaloid  in  mining. 

Belts  11  and  12  seem  closely  associated  and  may  be  one  flow  with 
inclusions.     Cf.    B   233   with   A   401.     No   thoroughly   satisfactory 
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correlation  of  these  holes  can  be  made  owing  probably  to  the  dis- 
turbances near  B. 
89.     13.      Amygdaloid    (d  A.     656-661)  for  5  feet,  top  of- 

Ophite         (d  A.  -752.6)      91.6+  say  145  (160?) 

It  is  coarsely  amygdaloid  dowTi  to  678.     The  mottling  is  plainer 
than  from  401  to  556: 

at  678,      692,      706,      732,      738,      752 

the  mottles  are  about       2,  3,  4,  5,  6,      4-5  mm. 

whence  I  think  we  are  safe  in  inferring  50  feet  or  so  more  of  the  trap 
to  the  next  amygdaloid,  making  the  total  thickness  about  160  ft. 


Calumet  and  Hecla  drill  hole  1.     Near  shaft  21.     This  was  put  down  in  the  ex- 
ploratory drift  about  at  right  angles  to  the  lodes,  i.  e.,  about  50°. 

85.  1.      Ophite  with  inclusion  spots?  of  finer  grain  d  1.     0-70  (70  +  20?) 

at  0,  18,  40,        57,        68  feet  we  have 

mottles    2,  3,        1-2,      2-3,      1-2  mm.     It  is  probably  felds- 

pathic. 

86.  2.      Amygdaloid  (red  with  white  amygdules    (d  1.     70-84)14  feet,  top  to 

Melaphyre  (d  1.     84-92)    8  (22) 

Cf.  Hole  A,  Belts  6  to  9. 

3.  Sediment  mixed  w'ith 

4.  Amygdaloid,  marked        (d  1.     92-97)  5  feet  top  to 

87?  Feldspathic  ophite         (d  1.     ?-232)  135  .    (140) 

At  104  and  113  feet  there  is  red  sediment,  perhaps  filling  a  seam. 
At  111  and  155  it  is  pseudamygdaloid,  and  at  140  doleritic.     In 
general  the  ophite  mottling  is  vague  but  at 
130.        204,        213  feet  it  seems  to  be 
3-4,  3,        5  mm. 

5.  Amygdaloid    (d  1.     232-240)  8  top  of 

Melaphyre  (green  epidote)  (12) 

6.  Green  sandstone  and  fluccan  (244-256)  (12) 

7.  Amygdaloid,  coarse  feldspathic  (d  1.     256-271)  15,  top  of 

Feldspathic  melaphyre  .  (d  1.  -330  +  )  59  (74  +  ) 

This  melaphyre  is  doleritic,  and  epidotic,  coarse  and  feldspathic, 
with  conspicuous  brown  spots  of  altered  olivine.  At  288  is  a  fine 
spot  inclusion  or  bomb. 

Belt  7  resembles  A  12,  and  Belt  4  may  represent  A.  11;  and  Belt 
3,  A  10;  and  belt  2,  A  6,  7,  8,  and  9;  Belt  1,  A  5.  Belts  5  and  6  would 
then  be  either  papt  of  the  amygdaloidal  top  of  7,  or  faulted  in,  or 
deposited  in  a  hollow  of  flow  7  before  4  came  over. 

This  would  make  the  top  of  d  1  come  about  102  feet  below  the 
horizon  of  the  Wolverine  sandstone.     According  to  the  mine  plan 
it  is  about  125  feet  below  the  slide  that  cuts  out  the  Wolverine  sand- 
stone, and  in  the  cross-cut  that  leads  to  it  there  is: 
Trap  109  feet. 

Amygdaloid  (pseudamygdaloitl  on  which  a  drift  was  run  foUow- 
a  fissure  dipping  60°  about  at  right  angles  to  the  dip)  14  ft.  and- 

84.  Trap  16  (93) 
Amygdaloid  (on  mine  plan)                          17  and 

85.  Trap  to  beginning  of  hole  12  (20) 
47 
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Calumet  and  Hech  drill  hole  2.     In  exploration  shaft  21 .     Put  down  under  ground 
as  shown  in  plat;  nearly  at  right  angles  to  the  dip. 

1.  Melaphyre,  base  of  bed         (d  2.     l-9j  (9+) 

2.  Scoriaceous  conglomerate     (d  2.     9-12  +  )  (3-f^?) 

3.  Melaphyre?  (d  2.     12-15)  (3?) 
87.       4.      Amygdaloid  with  red  sediment,    (d  2.     1.5-20)  5  feet,  top  of 

Feldspathic  melaphyre  (d  2?  to  167)  (152?) 

Red  sediment  is  fre(|uont  along  here,  but  is  probably  either  washed 
or  faulted  into  seams,  so  at  40  and  48  feet.  The  bed  is  but  faintly  ^ 
ophitic.  At  56  it  is  faintly  ophitic,  2  mm.  At  70  is  a  coarse  amyg- 
daloid streak,  probably  not  a  contact,  but  probably  at  81.  At  95 
it  appears  finer  grained;  at  100  2  mm.  mottling;  at  118,  a  clay  slip, 
ophitic  mottling,  3  mm.  At  125  it  is  coarser,  but  veined  and  so 
altered  that  the  ophitic  character  is  faint.  At  149  the  mottles  ap- 
pear to  be  4  to  5  mm.,  at  159  2  nun.  and  167  a  contact. 

This  belt  is  so  much  disturbed  that  one  can  not  depend  vipon  its 
thickness,  but  it  corresponds  to  Belt  4  of  Hole  1 . 

5.  Epidotic  conglomerate  and  sandstone,  (d  2.     167-175?) 

Indurated  fine  grained  grey  and  green,  scoriaceous  conglomerate 
at  base. 

6.  Scoriaceovis  amygdaloid  (d  2.     175-185)  10  top  of 

Melaphyre,  feldspathic  ophite  (d  2.  -282)  97  •         (107) 

The  record  of  the  samples  is  again  not  clear.  Red  sediment  oc- 
curs at  193;  an  inclusion  at  258;  at  210-215  there  is  an  amygdaloid 
streak,  possibly  a  contact  (cf.  288  feet  in  Hole  1)  at  223  an  epidote 
streak;  at  230  possibly  a  fine  grained  contact  but  no  amygdaloid. 
This  may  be  an  inclusion  bed  or  flows  more  than  one  closely  as- 
sociated. 

7.  Sediment,  red,  with  belt  below.  0 

8.  Amygdaloid    (d  2.     282-294)  12  feet,  top  of 

Melaphyre  (d  2.  -315)6  (33+) 

This  is  epidotic  from  264  to  299  feet  and  shows  fine  grained  inclusions. 

The  beginning  of  this  hole  appears  to  be  not  far  from  (200)  feet 
below  the  level  of  the  Wolverine  sandstone  in  A  but  from  its  position 
in  the  mine  it  is  not  over  50  feet  below  the  slide  representing  the 
Wolverine  sandstone.  Yet  the  scoriaceous  amygdaloidal  belt  ap- 
pears to  be  the  second  belt  below  the  Wolverine,  at  any  rate  is 
separated  by  considerable  trap.  Thus  from  70  to  160  feet  extra  is 
taken  up  in  the  slide  fault,  the  balance  perhaps  in  the  slip  which 
passes  through  the  drill  hole  at  118  feet. 

B.  near  shaft  21 
Ophite  coarsest  at  97  feet 
Amygdaloid,  top  to  beds  below 
Amygdaloidal  melaphyre 
Amygdaloid,  tops  to  beds  below 
Melaphyre  (faintly  ophitic  about 
Scoriaceous  amygdaloid 
Melaphyre  (feldspathic) 
Amygdaloid  (four  feet) 
Melaphyre  (feldspathic,  rarely  doleritic  and 

434  faintly  ophitic)  456  (154) 


75  tolls 

(43)  + 

118   123 

(5) 

123   163 

(40) 

163   167 

(4) 

218ft). 233 

.  (66) 

236 

(  3) 

305 

(69) 
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Sandstone,  dark  red  463  (  4) 

Melaphyre  (feldspathic  and  doleritic)  560+  (97) 

3  of  Shaft  21 .     All  one  belt,  (82)  the  Kearsarge  foot  trap  a  plagio- 
phyric  ophite,  very  fine  grained  near  the  bottom  of  the  hole, 
mottles  at  20,    40,      58,    67,    100,    113,    167  feet  are 
about  1,      2,    3-4,      3,        5,        4,    3-4  mm. 

across  and  the  end  is  obviously  getting  finer  and  near  the  top,  the 
Kearsarge  amygdaloid  lode  which  was  sought.  Subsequent  ex- 
ploration proved  this  to  be  the  case. 


§10.     OLD  COLONY-TORCH   LAKE   (FIGS.  38   AND  39.') 

The  lower  part  of  the  Calumet  section  is  represented  by  worlc 
done  on  the  Old  Colony  and  Mayflower  which  is  incorporated  in 
Figure  37.-  Of  these  workings  more  or  less  has  been  examined  by 
members  of  the  Survey  at  various  stages.  The  main  record  of  the 
met  Section  (Fig.  37).  Belts  109,  110,  and  111  correspond  to 
Torch  Lake,  Hole  No.  2,  probably  Belts  11,  12  and  13.  The  May- 
floY^^er  is  also  proving  this  same  territory.  Some  notes  by  P.  S. 
Smith  and  W.  V.  Savicki  of  an  early  stage  in  the  work  follow  and 
are  illustrated  by  Fig.   39. 

The  tunnel  has  already  cut  three  conglomerates. 

Facts,  etc.,  furnished  by  Mr.  Chas.  Chynoweth  of  the  Centennial  mine. 

Specimens  of  conglomerates.  Locations  shown  in  notes  of  W.  V.  Savicki.  Con- 
glomerate from  tunnel  of  the  Old  Colony  Mining  Company.  A  true  conglomerate 
rather  dark  reddish.  Pebbles  of  amygdaloid  trap,  a  dark  trap  with  narrow  de- 
composed crystals  of  feldspar,  sandstone,  considerable  calcite  in  veins  and  seams. 
The  pebbles  are  not  very  well  rounded  being  subangular.  The  specimen  shows  a 
fracture  on  breaking  which  cuts  across  the  pebbles. 

Conglomerate  No.  5  from  Leinenen's  pit  so-called.  Rock  appears  to  be  a  breccia 
rather  than  a  conglomerate.  There-  is  considerable  epidote.  The  fragments  are 
very  angular  with  a  smashed  up  matrix  of  comminuted  fragments  cemented  with 
the  epidote.     There  are  many  open  cavities  almost  like  druses.     Specimen  No.  1. 

Conglomerate  from  pit  No.  3,  that  is  the  so-called  north  shaft.  This  conglomerate 
looks  very  much  like  the  specimen,  from  the  tunnel,  much  more  so  than  like  the 
specimen  from  No.  5. 

Capt.  Rapson  is  in  charge  of  the  driving  of  the  tvmnel  being  driven  by  the  Old 
Colony  Company. 

Sandstone.     This  is  the  eastern  sandstone  not  seen  in  contact. 
52,      (34.3)         Conglomerate,  Specimen  No.  2. 

70,      (46.2)         Amygdaloid  and  amygdaloid  trap.     "With  bunches  of  calcite 
No.  3. 

*Figs.  38  and  39  are  in  envelope.  •    '■"•    ' 

2It  has  been  impo.ssible;  to  incorporate  current  work  in  tliis  report  wliich  is  of  date  1909. 
See  appendi.x.  Figure.s  38  and  39,  however,  include  facts  gathered  bv  A.  It.  Meuche,  not  re- 
ferred to  in  the  text.  Rut  it  should  be  carefully  noted  that  even  "in  Figure  39.  the  lode 
labelled  "Mayflower  Lode"  is  not  that  which  has  heen  more  recently  so  called.  This  latter 
seems  to  lie  a  short  distance  above  the  St.  Louis  conglomerate,  much  in  the  position  of 
the  Isle  Royale- Arcadian  Lode.     Compare  the  tunnel  record  at  986  feet. 
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200,       (132')         Brecciated  amygdaloid,  so-called  conglomerate  by  the  miners. 

Specimen  No.  4. 
265,       (175')         Sandy  like  brecciated  amygdaloidal  trap.     Specimen  No.  5. 
365,         (241)         Same  as  No.  5.     This  specimen  is  No.  5a. 

495,        (328)         Small  vein  of  amygdaloid  much  broken  up  with  some  slips 
and  gouges.     Too  broken  to  take  specimen.     Strike  of  vein  N. 
3°  E.  (mag.)     The  dip  is  pretty  steep,  about  65°. 
500,        (370)         Specimen  5  b,  the  same  as  No.  5. 
710,        (468)         Specimen  5c,  same  as  No.  5,  only  coarser. 
830,        (548)         Broken  up  and  altered  material  followed  by  an  amygdaloidal 

trap  with  greenish  chloritic  balls  and  particles. 
840,        (554)         Dark  amygd.  trap.     No.  6  with  epidote?     Altered  to  chlorite 

with  calcite  bunches  here  and  there. 
865,        (571)         Same  as  No.  6,  but  shows  feldspar  needles  No.  6a. 
925,        (611)    .    Clay  slips  about  3  feet  wide,  striking  N.  12°  W. 
954,        (630)         Fluccan  seam  about  6  inches  wide  with  much  decomposed 
material,  part  of  seam  is  made  up  of  epidote  material  much 
chloritized.     This  seam  has  caused  some  caving  necessitating 
lagging. 

Top  of  No.  6  which  shows  some  copper  stains. 
Amygdaloid  No.  7  large  round  amygdules. 
Dark    greenish,    somewhat    decomposed    trap    with    greenish 
blotches  resembling  the  luster  mottled  trap.     No.  8. 

Same  as  No.  8.     Between  these  two  there  is  a  band  of  amyg- 
daloid much  the  same  as  No.  7  but  with  ill-defined  walls. 

Moderately  fine  grained  amygdaloidal  trap  much  the  same 
as  No.  7.     No.  9. 

No.  10.     Amygdaloidal  trap  with  epidote  in  the  amygdules. 
Top  of  amygdaloid  separated  by  a  thin  fluccan  seam  from  the 
overlying  conglomerate.     No.  11.     The  gouge  is  about  2"  wide. 
Conglomerate  No.  11. 

Hanging  of  conglomerate  followed  by  trap.     The  contact  is 
much  decomposed  forming  a  band  easily  traced  by  the  eye. 

No.  12  of  the  trap  overlying  the  conglomerates.     This  is  an 
m.  c.  g.  amygd.  trap  passing  gradually  into  an  amygdaloid. 

The  amygdaloid  has  the  amygdules  filled  with  quartz  in  large 
measure.     No.  13. 

The  hanging  of  the  amygdaloid  is  at  1745.  At  1730  they  have 
turned  off  drifts  N.  and  S.  on  the  amygdaloid  and  are  now  sink- 
ing a  winze  on  the  hanging.  The  winze  is  now  down  65  feet, 
and  short  drifts  have  been  turned  off. 
1760,  (1161')  A  coarse  even  grained  trap  breaking  with  great  smooth  faces 
very  massive.     No.  14. 

Between  1800  and  1900  there  are  many  intersecting  seams  of 
calcite. 
2040,     (1346')         Same  as  No.  14.     No.  15. 
2100,     (1386')         Seam  of  broken  up  and  decomposed  material. 
2210,     (1459')         A  clay  slip  conducting  water  in  veiy  small  amount,  but  still 

the  most  seen  in  the  mine. 
2300,     (1518')         Two  intersecting  clay  slips. 
2510,     (1656')         Breast  in  same  kind  of  trap. 


986, 

(651) 

987, 

(652) 

1050, 

(695) 

1100, 

(726) 

1155, 

(762) 

1590, 

(1049) 

1603, 

(1058) 

1605, 

(1060) 

1652, 

(1090) 

1665, 

(1099) 

1730, 

(1142) 

1845, 

(1151') 
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Length  of  tunnel  as  measured  1656:  Length  of  tunnel  as  measured  by  the  Com- 
pany at  the  first  of  the  month  1625: 

Specimens  1  to  15  above  are  described  as  follows:  (of  them  there  are  preserved 
in  the  Survey  collection  Ss.  19736  (1),  19737  (5),  19738  (8),  19739  (11),  and  1974b 
(14)  ). 

T.  56  N.,  R.  32  W. 

No.  1.  A  conglomerate  with  fully  formed  pebbles.  The  cement  being  a  greenish, 
epidotic  mixture  of  small  comminuted  fragments  of  various  rocks  cemented  together 
with  this  epidote.  Texture  is  very  open  and  full  of  cavities.  The  pebbles  noticed 
in  hand  specimen  are  a  reddish,  much  iron  stained  amygdaloid  with  round  bullet 
like  amygdules.  A  dark  trap  very  fine  grained.  Minerals  indistinguishable. 
(19736) 

No.  2.  A  conglomerate  with  fully  formed  pebbles,  general  reddish  cast.  '  The 
rock  as  a  whole  breaks  across  the  pebbles  and  shows  no  lamination  or  sandstone 
layers.  Veins  of  calcite  intersect  the  hand  specimen  frequently.  Amygdaloid, 
sandstone,  trap  and  felsitic  pebbles  are  observed. 

No.  3.  Is  a  dark  amygdaloid.  Amygdules  filled  with  greenish  epidote  and  cal- 
cite. In  hand  specimen  are  several  copper  stains  in  the  amygdules.  Rock  breaks 
very  angular.  Color  dark  to  black.  Bunches  of  calcite  of  frequent  occurrence  on 
joint  planes. 

No.  4.  So-called  "conglomerate,"  which  in  reality  is  a  much  brecciated  amyg- 
daloid showing  slickensiding  on  faces.  General  color  black  with  a  good  deal  of 
laumontite. 

No.  4a.     In  general  the  same  as  No.  4  but  with  much  more  chloritic  material, 
joint  planes. 

No.  5.  A  sandstone  and  conglomerate  band  with  rather  small  pebbles.  The 
pebbles  seem  to  be  of  a  dark  more  or  less  siliceous  rock  whose  exact  nature  cannot 
be  determined  iri  hand  specimen.     (19737) 

No.  5a.  Is  also  a  conglomerate  but  with  the  small  pebbles  much  less  well  formed 
than  No.  5.  The  various  pebbles  noted  are  a  dark  trap,  a  reddish  felsitic  rock  and 
the  whole  is  cemented  together  in  large  part  with  a  calcite  matrix.  Specimen  is 
preserved  in  collection. 

No.  5b.  Shows  essentially  the  same  feature  observed  in  No.  5  and  No.  5a.  The 
rock  breaks  across  the  pebbles. 

No.  5c.  A  much  more  amygdaloidal  breccia  than  preceding  specimens.  The 
specimen  show^s  numerous  slickenside  planes  and  the  pebbles  are  very  poorly  formed . 
The  largest  fragment  is  of  a  reddish  trap  with  much  elongated  amygdules  filled  with 
calcite  and  a  little  epidote. 

No.  6.  A  moderately  fine  grained  trap  verging  in  part  into  an  amygdaloid  with 
the  cavities  filled  with  a  greenish  chloritic  material,  probably  an  alteration  product 
from  epidote.  The  amygdules  show  elongation  in  the  plane  of  bedding.  Some 
calcite  seams  intersect  the  rock. 

No.  6a.     Same  as  No.  6,  but  in  general  with  coarser  grain. 

No.  7.  A  fine  grained  amygdaloid.  The  amygdules  showing  a  general  para- 
genesis  of  calcite  and  epidote.  The  epidote  has  for  the  most  part  been  changed 
into  a  green  chloritic  mineral.  The  rock  is  in  general  veiy  fine  grained,  the  in- 
dividual minerals  being  indistinguishable  to  the  naked  eye. 

No.  7.  Same  as  preceding  but  with  amygdaloid  cavities  much  smaller  and  less 
altered  showing  passage  before  noted  from  epidote  to  chlorite. 

No.  8.  A  much  decomposed  poikilitic  rock  with  decomposed  feldspar  (?)  in  great 
abundance.  This  form  merges  into  No.  7.  It  is  traversed  by  many  small  calcite 
seams  which  causes  the  rock  to  break  into  angular  fragments.     (Sp.  19738) 
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No.  9.  A  reddisli  amygdaloid,  very  abundant  small  amygdules.  The  amygdules 
filled  with  greenish  chloritic  mineral.  Rock  Ijreaks  with  an  angular  fracture. 
Amygdules  show  only  slight  elongation  in  any  direction.     Some  slickensiding. 

No.  10.  A  much  less  decomposed  amygdaloid  than  preceding.  Amygdules  filled 
with  greenish  epidote,  sometimes  in  beautiful  little  crystals.  Amygdules  also  filled 
with  radiating  calcite.     Rock  generally  fine  grained.     Texture  reddish  color. 

No.  11.  Another  so-called  conglomerate  band  by  the  miners  but  which  appears 
in  the  hand  specimen  as  a  much  brecciated  rock.  The  pebbles  if  any,  are  poorly 
formed  and  show  extreme  angularity.  The  matrix  is  of  epidotic  material  and  the 
rock  in  general  has  an  appearance  like  No.  1,  except  that  the  pebbles  are  not  nearly 
so  well  formed.  The  pebbles  observed  are  of  a  brownish  red  trap  with  reddish 
amygdules  of  laumontite  and  dark  homogeneous  trap,  a  reddish  felsitic  looking  rock 
and  some  ordinary  brown  trap. 

This  specimen  is  preserved  in  the  collection.     (19739) 

No.  12.  Is  a  moderately  coarse  grained  diabasic  trap  of  verj'  uniform  texture 
occurring  in  very  massive  bands. 

No.  13.  Is  a  slightly  brown,  dove  colored  rock  with  large  amygdules  sparingly 
scattered  through  the  rock.  Amygdules  filled  with  calcite,  epidote  and  some 
chloritic  alteration  material.     The  rock  is  intersected  by  many  calcite  veins. 

No.  14.  A  dark  homogeneous  trap  with  a  moderately  coarse  grained  texture 
breaking  with  conchoidal  fracture  showing  considerable  quartz,  augite,  calcite  and 
a  greenish  chlorite.  This  rock  in  the  mine  occurs  in  very  large  massive  walls.  This 
specimen  is  preserved  in  the  collection.     (19740) 

No.  15.  Same  as  No.  14,  but  showing  some  slickensiding  and  appears  a  little 
coarse  grained. 

Compare  the  early  explorations  on  the  property  described  in  Volume  VI,  Part 
II,  page  80. 

A  more  systematic  record  than  that  of  the  Old  Colony  can,  however,  be  made 
from  the  work  of  the  Torch  Lake  Mining  Company  which  follows.  The  interesting 
points  in  this  section  are  the  flattened  dips  toward  the  lower  part,  over  a  boss  of 
felsitft  or  quartz  (porphyry),  the  presence  of  a  coarse  quartz  porphyry  intrusive, 
shown  in  the  railroad  track  but  missed  in  the  section,  and  the  very  pumiceous 
amygdaloids  and  felsites  of  the  lower  part.  The  flattened  dip  toward  the  contact 
is  confirmed  by  the  shaft  at  33  °  all  in  amygdaloid  at  the  Old  Colony  and  the  results 
of  a  section  made  by  the  Calumet  and  Hecla  at  right  angles  to  their  strike  (S.  56° 
33'  E)  from  their  Kearsarge  shaft  No.  20  across  the  Old  St.  Louis  propertj'. 


Torch  Lake  Mining  Company.  Thacher  Loring,  President.  W.  W.  Stockly, 
Engineer  and  Superintendent.  The  explorations  of  this  company  are  a  series  of 
drill  holes  and  test  pits  of  great  value  in  determining  the  geological  cross-section  at 
Calumet  below  the  Kearsarge  lode.  This  crosses  the  property  (which  consists  of 
two  square  miles.  Sections  35  and  36,  T.  56  N.,  R.  33  W.)  at  the  extreme  northwest 
corner.  From  this  point  to  Hole  9  the  country  has  not  been  explored,  as  com- 
paratively little  of  the  lodes  would  be  found  on  the  property  of  the  company.  Thej'- 
would  be  found  on  the  properties  of  the  Laurium  and  La  Salle  adjacent. 

At  right  angles  to  the  strike  the  distance  of  Hole  9  from  the  hanging  of  the  Kear- 
sarge lode  is  1865  feet.  Assuming  this  dip  to  be  42°'  we  have  (1865  x  .67)  (1250) 
feet  below  the  top  of  the  Kearsarge  lode  for  the  position  of  Hole  9.     The  succession 

iThis  is  the  dip  derived  from  the  Tecumseh  holes  and  used  in  putting  down  Tecumseh  Hole 
2  which  stayed  in  tlie  lode. 
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of  beds  is,  however,  very  fairly  known  from  the  Franklin  Junior,  Tecuniseh,  Cald- 
well and  Arcadian  work.     Following  the  latter,  we  have: 

Kearsarge  lode  and  foot  (l(il  1089 


(1250) 


(1100) 


Arc. 

64.  Wolverine  sandstone  often  cut  out, 

' '  Conglomerate  9  " . 

The  Arcadian  section  is  as  follows: 

65.  Ophite  (82) 

66.  Melaphyre  (51) 

67.  Scoriaceous  conglomerate  (5) 

68.  Melaphyre  (inclusion  bed)  (217) 

69.  Scoriaceous  conglomerate  (1) 

70.  Melaphyre  (32) 

71.  Ophite  .  (95) 

72.  Ophite  (143)  (625) 

73.  Fault  zone  or  sediment  (25) 

74.  Feldspathic  ophite,  mottling  not  well  marked, 
with  a  little  copper  (lEO) 

Below  base  of  Wolverine  sandstone  (840) 

75.  Feldspathic  ophite  (122)  (962) 

76.  Sandstone  8\  cupriferous  (4)  (966) 

Cf.  Old  Colony  sandstone.  980  feet  below  the  Wolverine. 

77.  Feldspathic  ophite,  doleritic  (78) 

78.  Feldspathic  ophite,  doleritic  Arc.  21  to  95  (54) 

From  base  of  Wolverme  sandstone 

79.  Ophite?  (28) 

80.  Feldspathic  ophite,  doleritic,  cupriferous  (120)  (1248) 

Possibly  flow  No.  2  of  Hole  9,  113-268 

81.  Brecciated  amygdaloid  and  feldspathic  ophite         (83) 

82.  "  "  "    melaphyre  (15) 

83.  Scoriaceous  "  ''    doleritic  ophite  (78)  (14244- ) 

84.  "  "  "    feldspathic  melaphyre (11 6)  (1540  +  ) 

85.  Melaphyre,  not  ophitic  cf.  d  9.     392-5.35  (110) 

The  occurrence  of  copper  in  Holes  9,  8  and  1  seems  to  be  matched  also  at  about 
this  horizon  in  the  Old  Colony,  Mayflower  and  parallel  sections. 

Specimens  20563  to  20598  are  taken  from  this  section  and  there  are  microscopic 
descriptions  of  20575,  20578,  20582,  20584,  20587,  the  Minong-trap-Iike  Bed  59. 

Torch  Lake  drill  hole  9.     1380  paces  N.  1600  paces  W.     Section  35,  T.  56  N    R 
33  W.     Vertical;  reduction  factor  cos  42 °=.743. 

1.  Feldspathic  ophite?  d  9.     26-113=87-1-  (65-I-) 

The  reddish  specks  of  (altered  olivine)  Iddingsite  are  plain.  Auo-ite 
mottling  is  not  plain.  Some  hard  seams  (at  100  one  that  looks  like  a  dike) 
occur,  and  pink  prehnite  (at  75'  3"  and  at  113).  This  pink  prehnite  is 
like  that  which  occurs  in  the  neighborhood  of  the  Isle  Royale  lode  (Vol 
I,  Pt.  Ill,  p.  15,  but  cf.  also  p.  103)  and  the  traps  exposed  on  the  street 
railway  cuts  in  East  Houghton. 

2.  Feldspathic  ophite?  155  (115) 

Amygdaloid  d  9.     113-146 

Clasolitic  and  brecciated  with  chlorite;  perhaps  an  amygdaloid  con- 
glomerate; looks  conglomeritic;  with  calcite  and  epidote. 
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Trap  d  9.     146-268 

The  altered  olivine  (iddingsite)  is  conspicuous;  augite  mottling  is  rela- 
tively obscure;  from  225  to  253  it  appears  faintly;  at  225  2  mm;  at  233 
3  mm. 

There  are  amygdaloid  spots  to  161  feet.  About  183  there  are  laumon- 
tite  seams.  At  190  is  radiated  thomsonite  or  prehnite;  at  183  and  207 
are  seams  at  10°  and  5°  to  the  core  respectively,  probably  nearly  vertical 
joints.  Toward  the  base  the  rock  is  darker  chloritic  and  the  seams  at 
28°,  34°  and  41  °  to  the  horizontal  are  more  nearly  parallel  to  the  bedding. 

3.  Feldspathic  melaphyre  124  (92) 

Amygdaloid  d  9.     268-301 

Quartzose,  calcitic,  laumontitic,  with  a  good  ileal  of  clasolitic  matter 
and  perhaps  a  contact  at  272;  at  292  epidote  and  datolite;  from  301  on, 
trappy  with  irregular  clasolitic  seam  with  curious  bedding  banding. 
Trap  d  9.     301-392 

From  301-335  are  bands  of  feldspathic  seams  at  angles  from  about 
26°  to  the  core,  and  cross-fractures  at  45°. 

4.  Feldspathic  melaphyre  143  (106) 

Amygdaloid  d  9.     392-407 

Red  and  white,  well-marked  with  a  little  clasolitic  matter. 
Trap  d  9.     407-535 
also    d8.       20-54 

There  are  occasional  amygdaloid  spots,  and  especially  from  433  down 
chloritic  spots  and  seams;  at  451  there  is  a  little  copper,  and  again  at  511 
and  530  in  seams  respectively  at  15°  and  26°  to  the  core.  These  are  prob-. 
ably  in  the  columnar  joints,  this  being  the  hanging  of  a  lode. 

Top  of  lode  below  the  top  of  the  Kearsarge  lode,  (1647)  feet, 

below  Conglomerate  No.  9     1250-1614-397  (1486) 

).]      Melaphyre.     Lode  and  foot. 
Amygdaloid    d  9.     535-9.545 

d8.       57-65 
Chloritic,  red. 

A  seam  of  prehnite  pink  with  copper  at  545.  This  bed  matches  quite 
well  Arc.  86  i.  e.,  the  marked  red  amygdaloid  with  some  copper  at  d  21. 
663-667  which  is  (1650)  feet  below  the  base  of  the  Wolverine  sandstone 
No.'  9. 

The  brown  specks  of  altered  olivine  in  Arc.  86  remind  one,  however,  of 
the  top  of  No.  9,  but  that  is  perhaps  a  matter  of  the  kind  of  alteration. 
The  general  character  of  very  feldspathic  beds,  faintly  if  at  all,  ophitic, 
is,  however,  quite  similar. 


Torch  Lake  drill  hole  8.     1460  N.     1200  W'.     Sec.  35,  T.  56  N.,  R.  33  W.     The 
top  of  this  matches  No.  9  at  503  feet  well  enough. 

A  uniform  reduction  factor  is  taken  of  cos.  41°=.755  though  the  dips  may  be 
somewhat  less  and  the  hole  more  nearly  perpendicular  to  the  beds  at  the  bottom. 
(4.)      Trap  d  8.     20-54 

Feldspathic  with  black  chloritic  flecks  matching  d  9.  at  503. 
5.     Feldspathic  melaphyre,  copper  bearing  amygdaloid  and  foot     121        (91) 
d  9.     535-545  + 
d  8.       57-65  to  85? 
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From  57-60  the  amygdaloid  contains  pink  prehnite;  from  62-65  it  is  not 
only  pink  but  has  green  epidote,  and  spots  of  prehnitic  pink  amygdaloid 
occur  to  65.  also  from  79-85. 
Trap  d  8.     65  or  85-178 

Spots  of  pink  prehnitic  amygdules  occur  throughout  the  trap.  Near 
128  it  seems  to  pass  a  big  slide  dipping  41°,  probably  about  parallel  to 
the  dip  of  the  beds,  the  rock  being  much  shattered.  If  Bed  5  were  the 
same  as  No.  4  something  would  have  been  cut  out  here.  At  153  is  quite  a 
little  copper  in  a  seam  at  about  41°  and  there  are  other  seams  parallel  to 
this  and  a  faint  coarse  mottling.  (1577) 


Feldspathic  ophite        4  mm.  85  (64) 

Amygdaloid    d  8.     178-190 

Coarse  with  epidote  and  calcite. 

Trap  d  8.     190-251  to  263 

Faintly  mottled  190-200,  coarser  to  226  3  mm.  mottles.  There  are 
seams  at  5  °  and  at  45  °  to  core,  then  below  at  230  to  235  marked  seams 
at  20°  to  core.  This  may  be  a  columnar  jointing  running  nearly  north. 
The  grain  grows  finer  from  4  mm.  at  226  to  1  to  2  mm.  at  247.  The 
base  of  this  flow  is  red  with  the  feldspars  standing  out  well  and  a  few 
white  amygdules  but  mainly  green.  This  is  like  the  base  of  the  flows 
near  the  Isle  Royale  lode.  The  contact  is  not  well  marked  but  from 
grain  and  all  appears  to  be  down  somewhat  below  251.  This  is  the 
first  distinct  ophite. 

Feldspathic  melaphyre  40  (30)  (1641) 

Amygdaloid  d  8.     251  to  263-270 

Spots  oi  amygdaloid  not  well  marked. 
Trap  d  8.     270-303 

Seamed  at  5°  to  10°  and  45°  to  core. 

7  is  very  probably  closely  allied  with  No.  6, — only  a  preliminary  gush. 

Melaphyre  12  (9)  (1672) 

Amygdaloid   d  8.     303-307 
Trap  d8.     307-315, 


Melaphyre  8  '(6) 

Amygdaloid    d  8.     315-317 
Trap  d  8.     317-323 


(1681) 


Base,  hanging  of  lode  below  Wolverine  (1687) 

10.     Melaphyre  with  a  copper  bearing  amygdaloid  81  (61) 

Amygdaloid   d  8.     323-337 

There  is  a  little  copper  in  small  seams  of  3-5  mm.  which  run  down  as 
a  .seam  from  the  amygdaloid.     In  the  trap  below  there  is  pink  prehnite. 
Trap  d  8.     337-404 
Cf.      d  1.       -15 

Feldspathic  and  epidotic;  growing  distinctly  finer,  chloritic  and  jointed 
toward  the  well-marked  base.  The  relation  of  this  to  8  and  9  is  un- 
certain.    They  may  be  consirlered  one  broad  amyg(laloi<lal  top. 

The  top  of  1  is  feldspathic  with  a  few  chlorite  amygdules,  Sp.  20563 
=d  1.     14 

(1748) 
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11.     Feldspathic  melaphyre,  glomeroporphyritic     62  (47) 

Amygdaloid    d  8.     404-413 

dl.     15  or  18?-29 
Witli  epidote  and  calcite. 
Trap  d8.     413-407 

dl.  18?-67 
This  trap  down  to  443  remains  irregularly  streaketl  and  occasionally 
amygdaloid  witli  pink  bordered  amygdules,  altered,  fine  grained  and 
glomeroporphyritic,  that  is,  with  clots  of  small  feldspar  laths.  From 
448-462  it  is  massive,  coarser  and  feldspathic,  then  the  glomeropor- 
phyritic appearance  becomes  more  marked  toward  the  base.  At  the 
top  of  Hole  1  there  is  a  similar  difficulty  in  making  out  exact  flows; 
from  29  to  37  it  is  feldspathic  traj),  then  a  red  amygdaloid,  then  epidote 
and  chlorite  amygdules,  then  pink,  white  and  green  amygdules. 


Base  hanging  of  lode  below  Wolverine  (1795) 

12.  Feldspathic  melaphyre,  glomeroporphyritic,  with  copper     45  (34) 

Amygdaloid    d  8.     467-473 
d  1.       67-77? 
Copper  at  d  8.     471  feet,  the  first  noted  in  tliis  hole. 
Trap  d8.     473-512 

d  1.  77-91 
The  amygdaloid  is  not  well  marked,  glomeroporphyritic,  the  contact 
seems  to  dip  31°  and  breaks  parallel  to  it;  dip  31°  to  41°  at  the  top; 
grows  finer  from  499  down.  In  hole  1.67-77  has  pink  and  white  amyg- 
dules but  the  first  copper  is  noted  at  d  1.  113  in  a  trap,  on  chlorite, 
epidote  and  calcite,  the  marked  cupriferous  amygdaloid  which  is  also 
glomeroporphyritic  being  at  d  1.  106-110  feet.  This  is  probably 
amygdaloid  13. 

1829. 

13.  Feldspathic  melaphyre,  glomeroporphyritic         75  (57) 

Amygdaloid    d  8.     512-517 
d  1.     106-110 
Glomeroporphyritic  Sp.  20582  is  at  d  8.     513  a  glomeroporphyrite. 

Sp.  20582  at  d  8.  513.  Is  a  typical  glomeroporphyritic  amygdaloid 
with  bunches  of  plagioclase  feldspar  1-2  mm.  across  on  a  rustj-  ground 
with  smaller  feldspars,  chert,  quartz,  etc. 

The  amygdules  are  full  of  crystalline  yellow  epidote,  calcite,  some- 
times chalcedony,  and  chlorite.  The  calcite  is  in  large  areas  and  latest 
formed.     The  epidote  has  various  shades  of  yellow. 

The  calcite  has  negative  fluid  cavities  with  bubbles. 

I  think  I  recognize  some  thoroughly  altered  serpentinous  olivine,  but 
it  is  difficult  to  distinguish  certainly  from  augite. 

The  feldspar  is  much  decompo.sed.  Under  the  microscope  the  olivine 
is  in  large  altered  phenocrysts  altered  to  ser]3entine.  The  augite  is  .012 
to  .020  rnm.  in  size.  It  is  about  2-i  feet  from  the  margin.  The  feld- 
spar is  distinctly  in  two  generations.  The  larger  are  about  .40  x  .22 
mm.  Extinction  angles  indicate  Abg  An 3.  The  ground  mass  is  com- 
posed of  small  microlites  .07  to  .12  mm.  x  .02  mm.  The  extinction 
angles  are  very  low  but  it  is  largely  decomposed.^  The  feldspar  is  re- 
placed not  only  by  epidote  but  also  by  some  brown  material  of  high 
refraction  and  low  birefraction.     The  larger  feldspars  are  grouped  and 
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bunched  together  as  they  represent  an  early  stage  of  consohdation  but 
are  not  sharply  defined  rhyocrystals.  The  amygdules  are  of  yellow 
epidote  and  chlorite  and  also  calcite  altered  in  formation.  There  is 
also  a  mineral  with  a  refraction  much  greater  than  chlorite  with  bire- 
fraction  between  feldspar  and  augite,  extinction  ±  0, — 2V,  small  always 
and  in  fibres  transverse  to  the  elongation.  Its  properties  are  something 
like  brucite.  There  is  also  a  mineral  with  low  refraction  and  birefrac- 
tion  and  optically  negative  which  is  probably  laumontite. 
Trap  d  8.     517-587 

d  1.     110-178 

At  d  8.  546  feet  there  is  a  seam  of  datolite  and  copper  at  about  45° 
to  core,  and  at  d  8.     580  ft.  there  is  copper  in  the  trap. 

At  d  1.  113  there  is  also  quite  a  little  copper  in  a  feldspathic  trappy 
rock,  then  below  a  brown  feldspathic  trap  from  d  1.  156  down,  growing 
finer  and  more  plainly  glomeroporphyritic. 

Base,  hanging  of  lode,  below  Wolverine  (1886) 

By  Hole  1  (1880) 

14.     Copper  bearing  glomeroporphyrite  53  (40) 

Amygdaloid,  copper  bearing   d  8.     587-593 

d  1.     178 
Amygdaloidal  trap  d  8.     593-618 

-ab.205 
There  is  perhaps  a  second  flow. 

This  remains  somewhat  glomeroporphyritic  and  the  amygdules  are 
well  charged  with  copper,  a  very  promising  lode. 

In  No.  1  at  178  feet  there  is  also  well-marked  copper.     The  amygda- 
loid is  at  first  gray  chloritic,  becoming  reddish  with  epidote  and  calcite, 
passing  gradually  into  the  trap  with  amygdaloidal  flow  lines. 
Trap  tl8.     618-640 

dl.     2057-227? 
Coarse,    feldspathic   and   massive,    then   glomeroporphyritic;   similar 
in  1 ;  but  the  contact  is  not  easily  located. 

Base  of  Hole  8  below  Wolverine  sandstone  9  (1926) 

(15.)     Amygdaloid  d  8.     640-648 

dl.     227? 
dl.     178 
Red,  white  and  green  amygdules,  with  a  little  copper. 
Trap  d  8.     648-676 

Feldspathic  and  glomeroporphyritic. 

Hole  1  does  not  match  this  very  well  from  d  1.  227  down  since  d 
1.  244  is  doleritic  and  d  1.  258  ophitic  and  d  1.  227.  shows  no 
copper;  yet  a  correlation  of  d  8.  640-648  with  d  1.  178  runs  into 
difficulties  too,  as  d  1.  106-110  is  the  first  amygdaloid  above,  at  a 
considerably  greater  distance  than  d  8.  587.  It  seems  on  the  whole 
likely  that  in  8  are  some  beds  of  the  cupriferous  glomeroporphyritic 
series  that  are  cut  out  in  1  perhaps  by  seams  noted  at  200  feet.  This 
cupriferous  series  of  relatively  feldspathic  glomeroporphyritic  beds 
are  well  matched  by  the  series  of  beds  Arcadian  80-90. 
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Torch  Lake  drill  hole  1 .     1275  N.     1070  W.     Sec.  35,  T.  51  N.,  R.  33  W. 

Vertical. 

Comparing  1  and  2  the  correlated  dip  is  about  36°  and  near  the  top  at  200  feet 
are  flow  lines  indicating  a  similar  dip  tan-1  15  to  (11  or  12)  (36°  to  38 °§).  The  dip 
from  Hole  8  to  Hole  1  would  be  also  tan-1  409  -^  563  i  according  to  the  strike 
about  36° 

Flow  lines  are  noted  at  15:12  at    83  feet 

15:11  at  200  feet 

seams  15:11  at  322 

amygdaloid  lines  at  15:9    at  478 


60:43 
This  would  indicate  a  dip  of  35  °§  and  a  reduction  factor  of  .813  which  makes  the 
thickness  of  the  belts  agree  with  those  supposed  to  correspond  in  Hole  8. 

The  copper  at  the  top  of  1  and  the  bottom  of  8  may  be  compared  with  the  Old 
Colony  No.  2  and  No.  1  lodes. 

i  Hole  1  begins  in  a  series  of  amygdaloids  and  amygdaloidal  traps  in  which  the  exact 
number  and  dividing  lines  of  the  different  flows  it  is  not  easy  to  make  out  in  dis- 
integrated beds  near  the  surface.  The  largest  number  possible  would  be  about 
as  follows: 

Feldspathic  trap  d  1.     0-7?  7  (6) 

(11')        Epidotic  amygdaloid  d  1.     7?-18?  11  (9) 

(11")      Feldspathic  glomeroporphyritic  at  base 

d  1.     18?-37  +  ?  (15) 

(11'")         Feldspathic  melaphyre  with  coarse  amygdules,  pink,  white  and  two 
shades  of  green  (epidote  and  chlorite),  glomeroporphyritic  at  base 

d  1.     37 -(-to  d  1.     67  (24) 

(12')        Another  flow  •  (20) 

Amygdaloid  d  1.  67-77 
Coarse  pink  and  white. 
At  77  seams  at  20°  to  core. 

Amygdaloidal  trap  77-91,   epidotic,   streaked   by  bands   of  varying 
texture,  dipping  about  38°. 
(12")       Glomeroporphyrite  (12) 

Amygdaloid    d  1.       91-100 
Trap  d  1.     100-106 

Judging  from  Hole  8  12'  and  12"  are  one  flow. 
(13)         Glomeroporphyrite  (57  J) 

Cupriferous  amygdaloid  lode  d  1.     106-113,  with  epidote,   calcite 
and  copper  even  in  foot  trap  at  113 
Trap  d  1.     113-178 

Feldspathic   and   growing   finer   and    more   distinctly   glomeropor- 
phyritic from  151  down.     This  seems  quite  clearly  to  be  13  of  Hole 
8.     512-587. 
Base  below  Wolverine  (1886) 


(14)         Feldspathic  melaphyre  (49)  (40) 

Amygdaloid  d  1.     178-179+ 

Gray,  calcitic  with  considerable  copper,  becoming  reddish,  with 
epidote  and  calcite  amygdules. 
Trapdl.     179-227? 

Feldspathic,  slightly  amygdaloid  to  d  1.     205,  with  amygdaloid 
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flow  lines  at  36°  dip,  and  at  200  feet  seams,  perhaps  due  to  fault- 
ing. (1926^ 

15.         Feldspathic  ophite,  10  mm.  233  (189) 

Amygdaloid  d  1.     227-230 

Coarse  with  epidote  and  chlorite  amygdules^. 
Trap  d  1.     230-470 
d  2.         0-146 
At  244  feet  almost  doleritic.     The  augite  mottles 
at     258,      289,      320,      334,      369,      415  feet 
are   2-3,  5,  7,        10,      8-10,    5-7  mm.  respectively 

Then  below  it  grows  finer  and  between  458  and  470  glomeropor- 
phyritic. 

(2115) 

At  d  2.14  the  mottles  are  10  mm.,  and  remain  about  the  same  to 
d  2.  65.  The  iddingsite  is  conspicuous  at  d  2.  65-98.  From 
d  2.  98  the  grain  is  finer  and  the  mottling  fainter.  The  correlation 
of  Hole  2  at  146  with  Hole  1  at  470  is  very  good. 

No.  15  is  so  heavy  a  belt  that  we  may  expect  to  find  it  quite  per- 
sistent. Now,  we  find  Arc.  No.  92  a  heavy  belt  211  feet  thick  or  so 
Arc.  4.     1-32,  the  foot  of  which  was  about  2270  below  the  Wolverine. 

Also  in  Isle  Royale  Consolidated  Hole  4,  244-449  Bed  3  is  also  184 
feet  thick,  has  faint  mottles,  7  mm.  at  314-354,  has  conspicuous 
altered  olivine  and  matches  excellently,  and  is  the  hanging  of  the 
Isle  Royale  lode. 

I  am  inclined  to  think  that  all  these  correlate  though  it  implies 
that  the  Arcadian  lode  is  not  the  Isle  Royale  but  one  180  feet  below. 

The  uncertainty  and  difficulty  may  be  due  to  faulting  at  some 
part  of  the  formation.  So  far  as  the  distances  are  concerned  changes 
in  the  dip  well  within  the  limits  of  possible  error  could  account  for 
them  as  well  as  variation  in  the  thickness  of  beds.  It  is  curious  to 
note  that  comparing  Arc.  80-92  with  Torch  Lake  2-15  we  come  out 
with  just  about  the  same  number  of  beds,  though  no  attention  was 
paid  to  that  feature.  The  iddingsite,  altered  olivine,  is  noteworthy 
especially  from  347  to  415.  At  322  is  a  seaming  at  36°  and  54°  dips, 
also  about  369  chloritic  seams  at  about  15°-20°  with  the  hole,  and 
at  430  feet  again. 

Sp.  20564  is  from  drill  1  at  458  feet. 

Base  below  base  of  Wolverine  (2115) 

(16)         Feldspathic  ophite  4  mm. 

Amygdaloid    d  1.     470-478 
d  2.     146-156 
Epidotic  and  laumontitic  with  amygdaloid  lines  dipping  about 
31°,  also  seams  at  14°  to  the  core. 
Trap  d  1.     478-518 
d  2.     156-207 
Massive,  faintly  mottled  4-5  mm.  at  d  1.     510  feet;  faint  3  mm. 
mottles  at  d  1.     185 

The  seams  are  at  15  °A  to  the  core,  also  dipping  22°  and  53°. 
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Torch  Lake  drill  hole  2.  1092  paces  X.,  9S0  W.  Sec.  35,  T.  ,5(5,  U.  33.  Vertical. 
The  dip  of  the  beds  here  i.s  between  33°  and  27 °J.  We  take  the  hitter  figure  which 
means  a  reduction  factor  of  .875. 

(15.)        Feldspathic  ophite  d  2.     0-146 

Note  how  in  this  feldspathic  bed  the   iddingsite  is  prominent. 
16.         Feldspathic  ophite  3  mm.  61  (53) 

Amygdaloid    d  2.     146-156 

With  pink,  green  and  white  amygdules.     This  may  be  the  Isle 
Royale  lode. 
Trap  (1  2.     156-207 

Massive,  feldspathic,  3  mm.  mottles  near  185  ft.     Seams  make 
12°^  with  the  core. 


(2168) 
17.         Feldspathic  ophite         3  mm.  83  (72.5) 

Amygdaloid    d  2.     207-217  - 

Red,  brecciated 
Trap  d  2.     217-290 

Feldspathic,  faintly  ophitic  3  mm.  near  256,  growing  finer  toward 
the  bottom.     Considerably  seamed. 

Sp.  20578  is  from  Torch  Lake,  Hole  2  at  230  feet.  It  seems  to 
have  had  a  great  deal  of  olivine,  now  reddened  and  changed  to 
"iddingsite."  Numerous  cavities  are  filled  with  fibrous  coatings 
of  chlorite.  The  feldspar  extinctions  indicate  an  andesite.  The 
hand  specimens  show  a  peculiar  rice-like  flecking  that  looks  like  an 
ophitic  texture  in  which  the  augite  patches  were  somewhat  pris- 
matic. 


(2241) 

18.  Feldspathic  melaphyre  92  (81) 

Amygdaloid    d  2.     290-300 

Red  to  292;  chloritic  amygdaloidal  trap  -296,  then  red  to  299, 
then  at  300  yellow  and  green  and  white. 
Trap  d  2.     300-382 

d  3.  -296 

Massive,  feldspathic,  white  flecked,  seams  dipping  50°  and  52°, 
and  between  340  and  347  the  core  follows  closely  a  vertical  fissure 
that  splits  the  drill  core.  The  face  of  this  fissure  is  slickensided  at 
an  angle  of  about  45°  to  the  core,  indicating  probably  a  displacement 
along  the  fissure  in  a  direction  nearly  parallel  to  the  dip.  At  376 
the  dip  seems  to  be  (tan  -1  15:9)  31°  on  a  .seam  of  red  calcite. 
No.  3  is  faintly  and  coarsely  mottled  perhaps. 

Base  below  Wolverine  (2322) 

19.  Feldspathic  melaphyre  74  (65) 

Amygdaloid    d  2.     382-393 
d  3.     29'  6 "-35 
Epidote,  chlorite  and  calcite.     Dip  36°^  in  No.  3,  light  green  and 
white  and  epidotic  with  a  speck  of  copper.     . 
Trap  d  2.     393-4.56 

d  3.       35-96 
Massive,  feldspathic.     The  Iddingsite  is  not  conspicuous  as  above. 
Joints  are  at  36°  to  core  (nearly  at  right  angles  to  dip?)  in  No.  3  also 
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feldspathic  with  laumontitic  seams  at  34°  to  core;  at  d  3.     73  feet 
nearly  parallel,  at  d  3.     67  radiated  prehnite. 


Base  below  Wolverine  sandstone  (2387) 

20.         Feldspathic  ophite  68  (59) 

Amygdaloid    d  2.     456-465 
d  3.       96-99 
Contact  uncertain;  much  broken  about  d  2.     460-463;  red;  seamed 
at  dip  of  15°,  then  the  amygdaloid  is  greenish. 
Trap  d  2.     465-524 

d  3.  99-134?-! 67 
Curiously  mottled,  probably  decomposed  or  weathered,  ophite 
mottled,  as  below  509  the  trap  and  the  mottles  grow  finer.  Cf.  d  3. 
117-130,  which  has  also  peculiar  mottles,  and  130  is  at  the  same 
time  mottled  and  has  chloritic  amygdules,  being  very  exceptional, 
until  we  get  to  Hole  7. 


Ba.se  below  base  of  Wolverine  (2445) 

(21.)        Amygdaloid    d  2.     524-530 
d  3.     164?-174? 

Coarse,  epidotic,  with  calcite  and  chlorite.     Seams  dip  39°  to  45°; 
flow  lines  less,  39°  to  34°.     At  d  3.     134  are  flow  bands  dipping 
22°  and  beneath  it  is  much  finer  grained. 
Trap  d  2.     530-557 

d  3.     134-167 

At  this  horizon  at  d  2  520-540  are  seams  15:120  and  15:15  and 
amygdaloid  flow  lines  well  developed.  The  same  is  true  in  d  3. 
134-156  (15:6  flow;  15:33  seams;  15:15  seam),  but  the  contacts  are 
not  plain  and  the  mottling  is  abnormal  and  the  bed  probably  dis- 
turbed. 

Sp.  20578  at  d  2.  230  is  very  thoroughly  altered  but  still  shows 
the  diabasic  structure  of  irregular  radiating  plagioclase  laths  char- 
acteristic of  ophites.  The  interstices  between  the  laths  are  very 
red.  There  is  probably  also  primary  iron  oxides,  some  chlorite 
in  an  amygdaloid  caAaty,  some  calcite  disseminated  perhaps,  also 
some  cherty  silica. 

The  feldspar  is  rather  low  angled  and  appears  to  be  andesite. 


Torch  Lake  drill  hole  S.  770  paces  N.  775  W.  Sec.  35,  T.  56  N.,  R.  33  W. 
Vertical.  The  dip  of  the  beds  is  about  26°  J=tan-1  7:15.  The  factor  for  reduction 
to  true  thickness  is  cos.  26°  ^=.895 

(18.)    Feldspathic  melaphyre  or  ophite  d  2. 

d3. 
(19.)    Feldspathic  melaphyre  d  2. 

d3. 
(20.)    Feldspathic  ophite.     Peculiarly  mottled  with  flow  bands. 

d  2.     456-524  68  •  (59) 

d  3.       96-or  167        38  or    71  54 

There  is  no  marked  contact  at  134  but  between  that  and  136  is  a  finer 
grained  band  and  at  134  the  flow  bands  show.     In  the  coarser  seam  near 


280-382 

0-29^ 

382-456 

74 

(65) 

29i-96 

66  A 

(59^) 
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15G  feet  the  iddingsite  shows.     The  seams  are  at  45°  and  24°  witli  the 
core.  ,  From  d  3.     16.5-167  appears  fifier  and  seamed. 

Sp.  20566         comes  at  d  3.     130  2445 

21.  Feldspathic  ophite  4  mm?  (78?)  (70) 

2515 
Amygdaloid   d  2.     525-530  + 
d3.     1677-174 
SHghtly  amygdaloidal,   gray,   with   coarse  and   sparse   amygdules. 
Seams  dip  26°  i  to  18°  ^  and  are  laumontitic.     The  contact  is  cer- 
tainly above  d  3.     182. 
Trap  d  2.     530-557 
d  3.     174-245 

With  scattered  amygdules,  mas.sive  at  212,  faintly  mottled  at  223 
to  224,  4  mm._,  at  228  seams  at  31  °;  at  234  feet  18° J.  It  may  be  that 
this  bed  is  partly  cut  out  at  the  seams. 

22.  Feldspathic  melaphyre         38*  (34) 

Amygdaloid    d  3.     245-259 
Trap  d  3.     259-283^ 

Feldspathic;  seams  dip  37° 

(2550) 

23.  Feldspathic  melaphyre  19^  (17) 

Amygdaloid  d  3.     283^292 

Contact  well-marked,   dip  lines  37°  and   25°.     A  red  and  white 
amygdaloid  to  287,  then  epidotic  green  and  white  the  next  five  feet. 
Trap  d  3.     292-303 

-  Feldspathic  (2567) 

21.     Amygdaloidal  melaphyre  9  (8) 

Amygdaloid  d  3.     303-310 
With  epidote,  chlorite,  calcite. 
Trap  d  3.     310-312 

25.  Amygdaloidal  melaphyre  6  (5) 

Amygdaloid    d  3.     312-317 
Trap  d3.     317-318 

d  4.  -34  (2580) 

26.  Amygdaloidal  melaphyre  10  (9) 

Amygdaloid    d  3.     318-321  4.34 

Trap  d  3.     321-324 

Amygdaloid    d  3.     324-328 


d4.  43  (2589) 

This  base   shows  a  well-marked   contact   with  a   well-marked   dip 
about  25°. 
27.     Feldspathic  melaphyre  22         (20) 

30         (27) 
Amygdaloid    d  3.     328-341 
d  4.       43-45 
The  contact  is  shattered  and  marked  and  dips  about  25°,  it  is  full 
of  epidote  and  calcite  to  333.     Toward  the  base  the  flow  lines  dip 
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33  °5  and  there  are  pink  seams  at  20  °i  to  the  core,  probably  columnar 
jointing. 
Trap  d  3.     341-350 
d  4.       45-73 
At  d  4.     62  there  is  a  seam  at  27°  to  core  and  also  nearly  parallel. 
Possibly  there  is  about  8  feet  repetition  here  as  Holes  3  and  4  do  not 
exactly  agree,  but  the  sum  of  flows  27  and  28  agree. 

(2609) 

28.  Melaphyre  20  (18) 

Amygdaloid    d  3.     350-358 

d4.       73-75  10  (9) 

Green 
Amygdaloid  trap  d  3.     358-361 
Trap  d3.     361-370 

d  4.       75-80 
Well-marked  basal  contact  dipping  31°.     This  checks  well  in  both 
holes.  (2627) 

29.  Melaphyre  19  to  22  (17  to  20) 

Amygdaloid    d  3.     370-373 
d  4.       80-90 
A  spot  of  amygdaloid  also  at  d  3.     378.     Cf.  3.90 
Trap  d  3.     373-389  or  392 
d4.       90-111 
Fine  grained,  brecciated  and  slickensided  foot;  in  No.  4  also  jointed 
and  fine  grained. 

(2646) 

30.  Porphyritic  melaphjTe  19  (17) 

Amygdaloid   d  3."    392-400  24  (22) 

d4.     111-131 
Much  altered  and  epidotic  to  395 
Trap  d  3.     400^11 
d  4.     131-135? 
This  trap  has  in  No.  3  3  mm.  phenocrysts  of  feldspar  (labradorite) , 
slightly  glomeroporphyritic,  but  more  separate  than  usual.     At  401 
is  a  seam  (nearly  parallel  to  the  dip?)  dipping  36°.     This  flow  and  the 
one  below  are  probably  all  one. 


Sp.  20567  comes  at  d  3.     404 
31 .     Porphyritic  melaphyre  46  41 


(2663) 
36  (32)  (41) 


Amygdaloid    d  3.     411-412 

Cf.  d  4.     135-137? 

Finer,  more  amygdaloidal,  only  a  spot? 

Trap  d3.     412-457 

d  4.     137-171 
Feldspathic,  massive,  with  good  cores. 

In  No.  4  the  clasolitic  contact  seems  to  be  at  d  4.  138  and  dips  41°. 
From  d  4.  135-137  is  finer,  more  amygdaloid,  with  a  red  ground, — a 
foot  amygdaloid.  At  d  4.  138  the  porphj^ritic  .series  in  which  the 
plagioclase  is  so  conspicuous  seems  to  begin   corresponding  in   that 

49 
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respect  to  d  3.  457.  In  4  there  is  also  a  contact  at  d  4.  148  with 
gray  amygdaloid  to  152  feet  and  flow  lines  dipping  25°.  Then  labru- 
dorite  and  iddingsite  conspicuous  in  the  massive  trap  below,  flown 
tod  4.     161,  very  much  like  d  3.     434. 

(2704) 

32.  Porphvritic  nielaphyre  10  (9) 

10 
Amygdaloid    d  3.     4.57-461 

Amygdules  not  abundant,  but  markedly  porphyritic. 
d4.     171-178 
Marked  amygdaloid  w  ith  red  ground  on  which  are  epidote  amygdules 
and  light  plagioclase. 

d  3.     461-467 
d  4.     178-181 
Probably  just  a  gush  of  the  flow  below. 

(2713) 

33.  Porphyritic  nielaphyre  14  (12) 

Amygdaloid    d  3.     467-472  20  18 

Marked  red,  porphyritic,  with  epidote  and  calcite. 

d  4.     181-186 
Slightly  amygdaloid  contact  uncertain. 
Trap  d  3.     472-481 

Porphyritic  with  Iddingsite  and  plagioclase  on  red  ground.     Dip 
lines  31  °  to  41  ° 

d  4.     186-201 
Massive,  feldspathic,  fine  seams  indicating  bedding?,  dip  about  30°. 

(2725) 

34.  Porphyi-itic  nielaphyre  10  (9) 

14  13 

Amygdaloid    d  3.     481-486 

Marked  gray,  flow  lines  dip  from  22°  to  31° 

d4.     201- 
Porphyritie  with  3  mm.  plagioclase. 
Trap  d  3.     487-491 
d  4.  -215 

Plagioclase  phenocrysts  up  to  7  mm.  long. 

35.  Porphyritic  nielaphyre  11  (10) 

Amygdaloid    d  3.     491-5 

d  4.     215-217     ,  9  8 

Epidotic. 
Trap  d  3.     495-502 

Feldspathic  plagioclase  phenocrj^sts  up  to  5  mm.  long,  with  bedding 
seams  dipping  31°  and  colmnnar  joints  at  28°^  to  core, 
d  4.  217-224 
Wliile  the  exact  correlation  of  indi^^dual  flows  so  small  as  these  may 
be  uncertain,  on  the  whole  this  series  of  markedly  porphyritic  beds  are 
quite  characteristic  and  the  records  in  the  two  holes  agree  to  10  feet. 
Cf.  in  the  Central  mine  section  the  beds  about  2975  ft.  below  the  Wol- 
verine sandstone  97-115.     On  the  other  liand  we  can  not  identify  these 
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verj-  well  further  south.     Cf.,  however,  beds  above  the  Isle  Royale 
lode  on  Isle  Rovale  and  Douglass  streets  in  Houghton 


(36.)    Amygdaloid  d  3.     502-505-9  (2744) 

Amygdaloid,  but  continues  chloritic  and  porphyritic  to  the  end. 

d  4.     224-225 
Contact  uncertain  with  epidote  and  calcite. 
Trap     3 

d  4.     225-239 
Marked  iddingsite  at  228  feet. 


Torch  Lake  drill  hole  4.  690  paces  N.,  615  W.  See.  35,  T.  56  N.,  R.  33  W.  Verti- 
cal. The  dip  to  d.  3  is  about  26°J  to  d.  5  about  24 °i.  A  reduction  factor  of  .9 
seems  proper. 

Specimens    20568,        9,    205670,    1  are  from 

d  4.         418,    396,  399,    469  feet  respectively 

Down  to  d  4.     224  the  record  overlaps  that  of  three  and  is  given  above  as  follows: 

(25)  Amygdaloidal  melaph^sTe     d  4?-34 

Base  below  Wolverine 

(26)  Amygdaloidal  melaphyre         Am.  d  4. 

T. 

Am.  d  4. 

T. 

Am.  d  4. 

T. 


(30) 
(31) 

(32) 

(33) 

(34) 
(35) 

36. 


37. 


(2580) 


(27)  Feldspathic  melaphjTe 

(28)  MelaphjTe 


34-39 
^3 

43^5 
-73 

73-75 
-SO 


Checks  well  with  d  3. 
(29)     Melaphyre 
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base  below  Wolverine 
Am.  d  4.     80-90 
T.  -Ill 

Base  is  top  of  porphjTitic  series  d  3.     392. 
Below  Wolverine 

Porphjoitic  melaphyre 


(2627) 


(2646) 


d4. 

Ill 

-135? 

Am. 

d4. 

135?-137? 

T. 

-171 

Am. 

d4. 

171-178 

T. 

-181 

Am. 

d4. 

181-186 

T. 

-201 

Am. 

d4. 

201-215 

Am. 

d4. 

215-217 

T. 

-224 

Base  below  Wolveiine  (by  Xo.  4  7  feet  more)  by  No.  3 
Porphyritic  melaphyre  15 

Amygdaloid    d  4.     224-5 

Epidote  and  calcite,  contact  uncertain. 
Trap  d  4.     228-239 


(2744) 


(13.5) 


Iddingsite,  marked  at  228  (2758) 

Porphyritic  melaphyre  36  (32) 

Amygdaloid    d  4.     239-247 

Epidotic,  altered,  cold  gray  for  the  first  foot,  then  red  porph\Titic. 
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Amygdaloidal  trap    d  4.     247-275 

Feldspar  and  iddingsite  prominent;  with  amygdaloidal  and  other 
spots;  at  263-267  the  feldspar  conspicuous,  then  to  269  amygdaloidal, 
epidotic,  very  likely  a  streak  or  inclusion;  then  porphyritic;  a  seam  at 
13°  to  the  core.  Contacts  are  uncertain.  All  these  beds  may  be  one 
inclusion  bed. 

(2790) 

38.  Porphyritic  melaphyre  64  (57.6) 

Amygdaloidal  trap   d  4.     280-339 

At  285  the  feldspar  phenocrysts  are  7  mm.  x  1  mm; 

Amygdaloidal  d  4.  285-7;  also  d  4.  288-290;  from  d  4.  293-299 
it  is  coarsely  feldspathic;  from  d  4.  299-302  amygdaloidal,  then  be- 
low a  marked  massive  glomeroporphyritic  trap  growing  red  and  more 
distinctly  porphyritic  at  base. 

The  contact  at  the  base  is  the  first  really  marked  one  below  202 
feet.     There  is  a  little  sediment  and  a  well-defined  dip  of  from  25°  to 

26  "1.  -.: 

39.  A  very  little  sediment.     Dip        25°  to  26  °i 

Base  below  base  of  Wolverine  (2848) 

40.  Porphyritic  melaphyre  18  (16) 

Amygdaloid   d  4.     339-348 
Trap  d4.     348-357 

Trap  grows  red  and  porphyritic  at  d  4.  355,  near  the  base  joints 
are  at  about  35°^. 

(2864) 

41.  Porphyritic  melaphyre  26  (23) 

Amygdaloid    d  4.     357-370 

Glomeroporphyritic. 
Trap  d  4.     370-383 

Feldspar  5x2  mm.     There  is  perhaps  a  contact  near  375  feet.     The 

contact  dips  28°  (?),  but  there  is  also  a  seam  at  25°. 

(2887) 

42.  Amygdaloidal  porphyritic  melaphyre        68  (61) 

d  4.     383-451 
d  5.  -53 

The  texture  is  glomeroporphyritic  with  pink  and  green  feldspars 
on  a  maroon  base,  and  frequent  amygdaloid  spots,  epidote  amygdaloid 
inclusions  at  d  4.     400-4.420-422,  and  d  4.     443.     Toward  the  bottom 
contact  the  porphyritic  texture  is  plainer,  as  is  almost  always  true. 
Sp.   20569is  at   396feet. 
"    20570"    "  399    " 
"    20568"    "  418    " 

(2948) 
The  top  of  No.  5  appears  to  be  this  same  flow.  Beginning  in  an 
epidotic  amygdaloid  at  d  5.  23'  6"  to  24,  then  glomeroporphjTitic, 
finer  and  redder  to  25,  gray  to  28,  red  and  epidotic  to  29,  gray  to  32, 
trappy  to  39,  gray  epidotic  to  40,  red  porphyritic  to  41,  gray  to  42, 
and  glomeroporphyritic  to  53. 
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43.       Porphyritic  melaphyre  56  (50) 

Amygdaloid    d  4.     451-457 
d  5.       53-71? 
Trap  d  4.     457-507?  or  484? 
d  5.     71?-82 
Glomeroporphyritic,  with  amygdaloid  spots  at  484  and  494.     This 
is  where  the  contact  was  drawn  judging  by  hole  5  in  that  hole.    Peculiar 
yellow  (siderite?)  amygdules;  feldspar  3  mm.  long;  at  473  a  line  of 
flow?,  at  35°  to  core;  at  d  4.     497  cavities  with  rhombs  probably 
siderite. 
Sp.  20571  is  at  d  4.     469  feet. 

In  these  glomeroporphj^ritic  beds  it  is  difficult  to  place  the  base  of 
the  amygdaloids  or  to  separate  them. 


(2998) 

44.  Porphyritic  melaphyre  25  (22) 

Amygdaloid   d  4.     507?-or  484-510 
d  5.       82-117 
Contacts  not  certain.     At  100  it  is  a  little  spotted  and  at  114-117 
is  an  epidotic  altered  seam. 
Trap  d  4.     510-532 
d  5.     117-139 
The  bottom  contact  is  very  well  marked  and  has  sediment  asso- 
ciated.    The  dip  is  22°  to  28°,  or  another  place  25°.     The  dip  also 
shows  well  in  Hole  5,  from  d  5.     142  down  with  dips  of  flow  bands 
29°^,  atd5.     118  the  coarse  feldspar  is  much  like  that  at  d  4.     543. 

(3020) 

45.  Porphyritic  melaphyre  26  (23) 

Amygdaloid    d  4.     532-542 
d  5.     139-142 
Trap  d  4.     542-558 

d  5.     142-165 
Coarse  glomeroporphyritic  to  552,  then  toward  base  darker  and  fine 
grained.     Lowest  of  the  porphyritic  beds,     d  5.     118-123  and  d  5. 
159  are  both  like  d  4.     544-552. 

^  '  (3043) 

46.  Melaphyre  11  10 


elaphyre 

Amygdaloid 

d4. 

558-563 

d5. 

165-169 

Trap 

d4. 

563-569 

d5. 

169-188? 

At  d  5.     178  a  2  mm.  ophite? 

(3053) 
47.      Melaphyre  13  12 

Amygdaloid    d  4.     569-572? 
d  5.     188- 
Regular  type  red;  a  well-marked  contact  but  not  much  of  the  amyg- 
daloid. 
Amygdaloidal  trap    d  4.     572?-582 
d  5.  -192 

(3065) 
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48.      Melaphyre  11  10 

Amygdaloid   d  4.     582-585 

d  5.     192-197 
Called  amygdaloid  spots  but  apparently  quite  persistent. 
Trap  d  4.     585-593 

d  5.     197-202 


(3075) 

49.  Melaphyre  40  (36) 

Amygdaloid   d  4.     593-597 
d  5.     202-207 
Pink  and  white 

Trap  d  4.     597-633  or  635 

d  5.  -239  or  245 

Massive,  dark,  at  d  4.  619  are  signs  of  a  25°  dip;  at  625-628  a  verti- 
cal seam.  From  630  down  it  gets  red  porphyritic.  Cf.  d  5.  178  a 
2  mm.  ophite?  also  d  5.     237  dark  but  glomeroporphyritic. 

(3111) 

50.  Amygdaloidal  melaphyre  23  (21) 

Amygdaloid   d  4.     633-642 

d  5.     239-or  245-? 
There  is  a  contact  at  d  4.     633  and  again  at  635  just  a  ropy  coil  of 
lava?     The  amygdaloid  is  red  porphyritic.     This  corresponds  to  the 
well-marked  basal  amygdaloid  in  d  5.     239-245.     While  the  exact 
correlation  of  these  gushes  is  difficult,  the  general  correlation  of  glom- 
eroporphyritic red  basal  looking  beds  at  the  top  of  5  and  in  4  above 
561   feet  is  plain. 
Amygdaloidal  trap    d  4.     642-656 
d  5.     245-261? 
d  5.     245  with  some  copper  is  the  best  marked  amygdaloid  and  con- 
tact.    Underneath  it  passes  into  a  gray  and  quartzose  amygdaloid. 

(3232) 

51.  Melaphyre  4 

Amygdaloid    d  4.     656-658 
d  4.  -261 

Trap  d  4.     658-660 
d  4.     261-272 


(3236) 
52.       Melaphyre  31  (28) 

Amygdaloid    d  4.     660-665 
d  5.     272 
Yellowish,  green  (epidotic)  and  white. 
Amygdaloidal  trap  and  amygdaloid  -691 . 
Amygdaloid  670-675  and  678  to  680. 


(3164) 

53.      Melaphyre 

Amygdaloid   d  4.     691- 
Dip  28°? 

d  5.     290 
This  contact  has  also  a  marked  dip  in  Hole  5. 
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Torch  Lake  drill  hole  5.  550  paces  N.  350  paces  W.  Sec.  35,  T.  56  N .,  R.  33  AV. 
Vertical.  The  dip  from  the  average  of  17  observations  ou  joints,  flow  hnes,  and 
contacts  is  (tan-1  126:255)  26°^,  by  correlation  of  beds  it  is  24  °|,  but  if  the  strike 
is  more  east  of  north  than  the  main  range  and  not  at  right  angles  to  Stockly's  cross- 
section,  the  dip  by  correlation  of  the  beds  would  be  steeper  and  there  is  reason  to 
believe  this  is  the  case.  It  would  imply  a  swing  of  the  strike  20°.  Cf.  the  exposures 
of  Sp.  20575  a  Minong-trap-like  bed  (as  recognized  by  myself  years  ago  in  the  Doug- 
lass Houghton  Ravine  and  by  myself  and  Stockly  independently  in  the  cores,  and 
confirmed  by  microscopic  comparison)  at  d  5.  525.  The  reduction  factor  need 
not  be  changed. 

(42.)    Amygdaloidal  porphyritic  melaphyre    d  4.     383-451 

d5.  -53 

Base  below  base  of  Wolverine  (2948) 

(43.)    Porphyritic  melaphyre  d  4.     451-484?,  d  5.     53-82  (26) 

Dips  of  bands  26  °i  and  22°.     Gray  coarse  feldspar. 
(44.)    Porphyritic  melaphyre     d  4.     484-532,  d  5.     82-139  (51) 

Epidotic  amygdaloid,  porphyritic  trap,  at  100  spotted  pink,  d  5.     114- 
117  epidote  seam.     At  118  coarse  feldspar. 
(45.)    Porphyritic  melaphyre     d  4.     532-5,58,  d  5.     139-165  (23)  + 

Flow  bands  22°  to  39°.     Quartz  epidote  amygdaloid  at  d  5.     153-7. 
(46.)    Melaphyre  d  4.     558-569,  d  5.     165-188  (21)- 

Red  amygdaloid  and  trap  not  markedly  porphyritic,  possibly  ophitic. 
(47.)    Amygdaloidal  melaphyre     d  4.     569-582,  d  5.     188-192  (4)- 

Red  to  gray,  only  a  gush. 
(48.)    Melaphyre  d  4.     582-593,  d  5.     192-202  (9) 

From  d  5.     192-197  amygdaloid  spots;  a  clasolitic  seam  at  45°  at  base. 
(49.)    Glomeroporphyritic  melaphyre  d  4.     593-635,  d  5.     202-245  (39)- 

Feldspar  5x2  mm. 

(50.)    Amygdaloidal  melaphyre     d  4.     635-656,  d  5.     245-261?  (14)  + 

With  copper;  dips  15°  to  25°;  amygdaloid  gray  and  quartzose  at  base. 

(51.)    Amygdaloidal  melaphyre    d  4.     656-660,  d  5.     261-292  (10) 

(52.)  "  "  d4.     660-691,  d  5.     272-290  (16) 

(3161) 
Or  by  the  record  in  No.  4     3164  feet  (3164) 

The  beds  just  above  all  tend  to  be  feldspathic,  amygdaloidal,  porphy- 
ritic, with  red  porphyritic  bases  and  not  augitic. 

53.  Melaphyre  9  (&) 

Amygdaloid   d  4.     691-695  + 
d  5.     290-294 
Red  amygdaloid  contact  dips  25° 
Trap  d  5.     290-299 

(3172) 

54.  Melaphyre  22  (20) 

Amygdaloid    d  5.     299-304 

Yellowish  gray. 
Trap  304-321 

Seams  at  18  °i  dip  at  309  feet. 


(3192) 
55.       Melaphyre  21  (19) 

Amygdaloid    d  5.     321-329 
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Contact  dips  22° 
Amygdaloidal  trap  d  5.     329-341 

3211 

56.  Melaphyre  33  (30) 

Amygdaloid    d  5.     341-9 

Gray  and  mixed. 
Trap  d  5.     349-374 

d  5.     341-351  slightly  glomeroporphyritic,  then  a  2-foot  seam  altered 
epidotic;  d  5.     357-358  and  amygdaloid  spot. 

(3241 ) 

57.  Amygdaloidal  melaphyre  13  (12) 

Amygdaloid    d  5.     374-379 
Amygdaloidal  trap    d  5.     379-387 
Varicolored,  coarsely  amygdaloidal. 

3253 

58.  Porphyritic  melaphyre 

Amygdaloid    d  5.     387-390  28  (25) 

Gray,  quartzose  and  epidotic. 
Trap  d  5.      390-5.415 

d  6.     13 
d7.     20 
Dark,  fine  grained,  slightly  porphjTitic;  at  d  5.     402  a  joint  at  14° 
from  core  (columnar)  just  above  the  contact  which  seems  to  dip  33 °§ 

(3278) 

59.  Augite  porphjTite,  Minong  trap  type  154  (137) 

165  


135  (3415) 

ave  151 
Amygdaloid    d  5.     415-418 

d  6.     13-16  or  25 
d  7.     20-23? 
Trap  d   5.418-569 
d   6.16  -178 
d  7.23  -155 
This  is  a  well-marked  horizon  and  characteristically  fine  grained, 
recognized  by  W.  W.  Stockly  and  myself  independently,  and  two  or 
three  times  over  as  different  from  the  usual  beds  and  like  the  Minong 
trap  on  Isle  Roy  ale.     We  have  a  number  of  specimens: 
Ss.  20572  at  d  5.  485 

3  580 

4  516 

5  525 

6  531 

7  535 

I  do  not  think  there  can  be  any  question  as  to  the  correlation  be- 
tween the  holes. 

Sp.  20575  at  d  5.  525  feet  is  an  augite  porphyrite,  U.  M.  There 
is  little  or  no  sign  of  olivine,  a  great  abundance  of  labradorite  and  a 
scanty  amount  of  augite  which  acts  nevertheless  as  a  sort  of  cement 
between  the  feldspars  and  tends  to  be  ophitic. 
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Labradorite  extinctions  are  Ab,  An,  0°-30°;  18°-11°;  12°-18°  and 
in  a  Karlsbad  twin  35-28°,  also  4°-5°  with  19°-18°  in  a  Karlsbad  twin, 
the  former  individual  much  more  birefractive. 

We  have  also  such  extinctions  as  the  following: 

14°  to  14°  (greater  birefraction)  with  43°  to  26°  (less  birefraction); 
18°  to  22°  with  43°  to  27°;  11°  to  12°  with  7°. 

Sections  nearly  parallel  to  M  (010)  show  low  colors;  extinction 
against  P  (100)  16°.  It  must  be  near  Ab^  An^.  There  is  primary  as 
well  as  secondary  iron  oxide.  The  former  is  younger  than  the  feldspar, 
at  any  rate  in  part,  and  older  than  the  augite. 

The  augite  grains  run  about  .12  mm.  from  .05  to  2  mm.  A  tendency 
to  prismatic  fonii  is  quite  noticeable,  but  the  amount  of  augite  is 
smaller  and,  while  it  is  interstitial,  it  varies  in  form  from  the  xeno- 
morphic  to  idiomorphic.  A  fragment  of  coarser  crystallization  is  en- 
closed. In  this  coarser  piece  the  augite  is  more  xenomorphic.  The 
texture  is  doleritic,  since  one  interstice  is  filled  with  chalcedony  sphe- 
rules. There  is  also  replacement  by  zeolite  with  very  low  refraction 
and  birefringence  which  may  be  laumontite. 

I  think  it  can  also  be  recognized  on  the  street  railway  line  and  the 
course  of  the  Douglass  Houghton  Creek. 

In  all  places  the  well  developed  amygdaloid  is  thin  (in  No.  5  from 
415-418,  red  and  brecciated;  in  7  from  420  to  423  gray  with  copper, 
calcite,  quartz  and  epidote.)  Then  to  d  5.  430  it  is  fine  grained, 
from  d  5.  430-468  is  slightly  coarser  but  after  all  always  peculiarly 
fine  grained.  As  the  base  is  approached  the  columnar  joints  appear 
at  22°  to  the  core,  n°i  and  31°  along  about  d  5.  500.  From  d  5. 
501-527  is  all  fine  grained  trap  with  no  appreciable  change  in  grain. 
At  d  5.  528  feet  are  minute  specks  of  copper.  Was  it  an  extra  hot 
flow  or  an  intrusion?  At  d  5.  536-539  there  is  a  somewhat  amyg- 
daloidal  belt,  and  at  549  the  feldspar  is  much  plainer,  approaching  a 
porphyritic  appearance.  At  d  5.  562  feet  is  brown  clasolitic  matter 
in  the  red  porphyritic  marginal  trap,  evidently  a  stringer  of  that  under- 

In  No.  6  the  amygdaloid  is  brecciated  a  foot  to  d  6.  36,  then  fine 
grained  and  mixed  amygdaloid  to  d  6.  39,  then  brecciated  and  red 
to  43,  then  a  fine  grained  trap  with  minute  porphyritic  feldspars  to 
46,  then  brecciated  a  foot;  and  brecciated  again  at  d  6.  51-55,  and 
at  d  6.  57-60,  at  d  6.  62  there  is  a  curious  banding  dipping  50°, . 
then  all  the  rest  the  way  a  fine  grained  trap;  the  columnar  jointing 
growing  more  prominent;  at  first  irregular;  from  d  6.  115  do^\ni 
plainer,  at  29°  and  25°*. 

In  No.  7  the  contact  is  at  17°;  then  there  is  a  brecciated  amygdaloid 
with  quartz  and  epidote  and  yellow  amygdules;  faint  mottling?  and 
small  amygdules  to  d  7.  51,  31  feet  below  the  top;  cf.  d  5.  430-F 
and  6.39.  Below  that  it,  too,  is  massive.  At  d  7.  67  to  121  the  dip 
by  banding  appeared  to  be  26°h  and  at  d  7.  88  was  a  suggestion  of 
1-2  mm.  mottles.  From  d  7.  121  on  down  the  grain  was  aphanitic. 
eO.       Sediment  d  5.     569-570 

d  6.     178-179  ± 

d  7.     155 
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Very  thin,  only  a  foot  or  less,  dips  18°  to  22°  in   Hole  5 

15°-18°i       "       "     6 
21°  or  so       "       "     7 


Base  below  base  of  Wolverine  (3416)  ft. 

This  is  the  very  first  bed  that  can  by  any  possibility  be  correlated 
with  Conglomerate  8.     The  greater  distance  is  no  objection  but  the 
beds  associated  are  very  different. 
61.       Amygdaloid 

d  5.     570-580? 
d  6.     179-180 
d  7.     155-156 
In  Hole  6  clasolitic  with  yellow  amygdules. 

7  also  a  thin  amygdaloid  with  marked  contact, 
d  5.     580?-605 
d  6.     180-192  + 
Amygdaloidal  trap  d  7 .     1 56-220 

In  Hole  7  coarse  1-2  mm.  feldspars;  2  mm.  chloritic  blotches;  oc- 
casional amygdules. 

In  Hole  6  it  is  similar.  In  Hole  5  the  chances  are  there  is  faulting 
for  while  we  have  feldspathic  trap  to  580,  then  there  are  seams  some- 
thing like  a  contact  dipping  45°  to  33°,  then  for  d  5.  587-589  it  is 
spotted,  and  from  d  5.  591-596  red  decayed,  perhaps  the  main  slip, 
an  amygdaloidal  trap  to  600;  chloritic,  feldspathic  and  amygdaloidal 
to  605. 
(62.) 

Amygdaloid    d  5.     605-616 

Red,  passing  into  chloritic,  amygdaloidal,  feldspathic  trap. 
Trap  d  5.     631-647 

Fine  grained;  owing  to  the  disturbance  it  is  not  at  all  certain  to 
what  this  corresponds  in  Hole  7. 


Torch  Lake  drill  hole  6.     440  paces  N.     33  paces  W.     Sec.  35,  T.  56  N.,  R.  33  W. 
Vertical.     This  hole  is  altogether  lapped  by  Holes  5  and  7. 

(58.)    Porphyritic  melaphyre  (3278) 

d  6.     6-13 
Feldspathic,  slightly  glomeroporphyritic. 

(59.)    Augite  porphyrite  d  6.     13-178  (3415) 

(60.)    Sediment  d  6.     178-  (1)  (3416) 

(61.)    Feldspathic  melaphyre 

The  indications  of  dips  are : 

15:15;    15:9;     15:18?;     15:4  and  15:5 
at       6,  13,         25,        62,  180         feet  respectively 

averaging  (leaving  out  the  15:18)  about  29°. 


Torch  Lake  drillhole  7.     770  paces  N.     1705  W.     Sec.  36,  T.  56,  R.  33.     Vertical. 
Indications  of  dip  are  165:79,  i.  e.,  25°^.     It  will  be  as  well  to  keep  the 
reduction  factor  .9 
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(58.)    Porphyritic  melaphyre  d  5.     387-415,  d  7.     7-20 

Amygdaloid  w  ith  epidote  and  calcite,  slightly  porphyritic  to  d  7.     11 . 
Amygdaloidal  trap  to  d  7.     17  and  finer  grained  to  d  7.     20 
(59.)    Augite  porphyrite  of  Minong  type. 

d5.     415-569;  d  6.     13-178;  d  7.     20-155 
Described  above. 
(60.)    Sediment  missing  in  No.  7  (3416) 

Only  a  foot.     Is  this  the  representative  of 
Conglomerate  8. 
61.       Amygdaloidal  melaphyre  65 

Amygdaloid  d  7.     155-156 
Small  dip  22°  and  contact  well  marked. 
Amygdaloidal  trap  d  7.     156-220 

Massive,  coarse  feldspar  1-2  mm;  chlorite  blotches  up  to  2  mm.,  oc- 


casional amygdules.  (3475) 

62.  Amygdaloidal  melaphyre  46  (41) 

Amygdaloid   d  7.     220-244 

Pink  and  green  and  white,  passing  into  amygdaloidal  trap. 

Trap  d7.     244-266  (3516) 

63.  Amygdaloidal  melaphyre  20  (18) 

Amygdaloid    d  7.     266-275 
Amygdaloidal  trap  d  7.     275-286 

(3534) 

64.  Feldspathic  melaphyre  49  (44) 

Amygdaloid    d  7.     286-294 
Red  to  287,  poor  thence  on. 

Trap  d  7.     294-335 

To  296  a  cobweb  of  feldspar,  and  an  amygdaloidal  trap  to  d  7.  300. 
At  d  7.  305  are  laumontite  seams,  and  at  320  nearly  vertical.  To- 
ward base  the  trap  becomes  massive,  with  iddingsite.  The  bottom 
contact  dips  about  31°. 

(3578) 

65.  Melaphyre  13  (12) 

Amygdaloid    d  7.     335-342 

Pink  and  gray,  then  maroon  with  yellowish  white  amygdules;  at 
the  base  two  feet  epidotic. 
Trap  d  7.     342-348 

(3590) 

66.  Melaphyre  18  (16) 

Amygdaloid    d  7.     348-352 

Red  for  one  foot  then  yellowish  epidotic. 
Trap  d  7.     352-366 

(3606) 

67.  Feldspathic  melaphyre  13  (12) 

Amygdaloid    d  7.     366-369 

Red  top,  yellow  bottom,  like  the  one  above. 
Trap  d  7.     369-379 

Feldspathic  with  cobweb  of  1-2  mm.  feldspar. 

(3618) 
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68.  Feldspathic  melaphyre  12  (11) 

Amygdaloid    d  7.     379-382 
Trap  d  7.     382-391 
Feldspathic 

(3629) 

69.  Feldspathic  melaphyre  34  (31) 

Amygdaloid    d  7.     391-395 

Brecciated,  red;  dip  31° 
Trap  d  7.     395-425 
12  -13 

Feldspathic  at  410-413  an  amygdaloidal  and  epidotic  streak. 


(3660) 

70.  Feldspathic  melaphyre  18  16 

Amygdaloid    d    7.     425-429 
d  12.       13-15 
Well-marked  gray  and  white,  with  2  feet  epidotic  at  base  in  Hole  7. 
Trap  d    7.     429-443 
d  12.       15-34 
Lamnontitic,  amygdaloidal  to  d  7.     435,  contact  45°?,  then  coarse 
1-2  mm.  feldspars,  amygdaloidal  also  in  12  at  22-26. 

(3676) 

71.  Feldspathic  melaphyre  25  22 

Amygdaloid    d    7.     443-445 
d  12.       34-40 
Contact  or  flow  streak?  a  few  large  amygdules  below.     Also  in  12, 
scattered  pink,  white  and  green  amygdules  to  d  7.     40 
Trap  d    7.     445-466 
d  12.       40-53 
Feldspathic.     In  12  finer  and  darker. 

(3698) 

72.  Feldspathic  melaphj-re  •  6  (5) 

Amygdaloid    d    7.     468-471 
d  12.       53?-55 
In  12  brecciated,  epidotic. 
Trap  d    7.     471-474 
d  12.     55-63? 

Fine  grained  in  12,  an  amygdaloidal  trap,  probably  not  an  inde- 
pendent flow. 

(3703) 

73.  Feldspathic  melaphyre  9  (8) 

Amygdaloid    d    7.     474-478 

d  12.     63?-65?  misplaced 
Cf.  also  d  12.     77?-80? 

Trap  d    7.     478^83 

d  12.       65-98  (or  80-98) 
In  12  fine  grained,  feldspathic. 

(3711) 
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74.  13  (12) 
Amygdaloid    d    7.     483-488 

d  12.       98-107 
Aniygdaloidal  trap  d  7.     488-496  (or  506) 
With  pink  cupriferous  prehnite. 
At  d  12.     107  is  a  marked  contact  with  pipe  amygdules  above. 

(3723) 

75.  38  (33) 
Amygdaloid  d    7.     496-506  or  506- 

d  12.     140-143 
With  laumontite  and  calcite  amygdules. 
Trap  d    7.     506-534 
d  12.     143?-157 
With  occasional  amygdules 


(3756) 
Feldspathic  melaph>Te  40  (36) 

Amygdaloid    d    7.     534-539 
d  12.     157-161 
Gray  and  white,  poor  in  Hole  7.     In  Hole  12  with  two  feet  epidotic 
from  d  12.     159-161,  and  more  or  less  amygdaloidal  feldspathic  to  171. 
Trap  d    7.     539-574 
d  12.     161-194 
All  feldspathic  trap  growing  finer  from  d  7.     539-568.     In  No.  7 
vertical  seams  are  much  displaced  by  seams  probably  nearly  parallel 
to  the  dip  but  dipping  only  16°f.     In  No.  12  there  appears  to  be  a 
contact  at  d  12.     179  and  a  fine  grained  feldspathic  trap  below\     Nos. 
12  and  7,  which  below  agreed  well,  here  part  company.     The  record 
is  probably  most  disturbed  in  7  near  539  feet. 


(3792) 
77.       Copper  bearing  melaphyre?  31  (28) 

Amygdaloid    d    7.     574-575? 
d  12.     194-195 
In  both  holes  the  amygdaloid  is  poor,  yet  the  contact  well  marked, 
then  in  No.  12  copper  on  vertical  seams  or  columnar  joints,  and  a  little 
seam  of  datolite,  prehnite  and  chlorite  at  d  12.     203  ft. 
Trap  d    7.     574-605 
d  12.     195-226 
d  10.       11-15 


(3820) 
Amygdaloidal  melaphyre  (30) 

Amygdaloid    d    7.     605-622 
d  12.     226-232 
d  10.       15-18 
Very  well  marked  contact  dipping  28°,  at  first  a  black  and  white 
amygdaloid  with  a  2-foot  epidote  seam  at  the  base.     No  copper  was 
noticed  in  this  but  there  was  some  in  an  epidote  seam  in  the  hanging 
at  d  7.     602-3. 

In  d  12.     226-232  we  also  have  a  contact  with  pipe  amygdules,  and 
it  is  epidotic  below,  and  then,  too,  in  the  hanging  at  195  and  203  is 
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some  copper.     This  seems  a  fair  correlation  and  cheeks  with  the  marked 
correlation  of  d  12.     426  and  d  7.     804. 
In  Hole  10  is  a  white  and  green  amygdaloid. 
Amygdaloidal  trap    d    7.     622-638 

d  12.     232-259?  (disturbed). 

d  10.       17-45 
Minute  amygdules  d  7.     624-635.     In  Hole  10  rather  massive. 

(3850) 

79.  Amygdaloidal  melaphyre  25  (23) 

Amygdaloid   d    7.     638-646 
d  12.     259-260 
d  10.       42-45 
Maroon,  well-marked  with  dip  about  11  in  7. 

Much  less  plain  marking  like  a  flow  band,  with  dip  about  28  in  12. 
In  No.  10  an  epidotic  specked  amygdaloid. 
Trap  d    7.     646-663 
d  12.     260-287 

d  10.       45-62 
In  Hole  7  it  is  an  amygdaloid  trap;  in  Hole  12  a  feldspathic  trap 
coarsest  about  d  7.     282;  in  Hole  10  it  is  a  trap  with  an  amygdaloid 
speck  at  d  10.     59. 

(3873) 

80.  Amygdaloidal  melaphyre  12  (11) 

Amygdaloid   d  7.  -663? 

d  12.     287-292 
d  10.       62-65 
In  d  7.     663  is  an  epidote  band,  in  No.  12  at  287  is  clasoUtic  and 
dips  18°  J. 
Amygdaloidal  trap    d    7.     663-675 
d  12.     292-305 
d  10.       65-75 
Amygdaloidal  in  No.  7.     In  No.  12  a  fine  grained  feldspathic  trap. 

os: 

.     '  (3884) 

81 .  Cupriferous  lode,  and  amygdaloidal  melaphjTe  45  '  (40) 

Amygdaloid    d    7.     675-679 
d  12.     305-309 
d  10.       74-76  to  84  or  94 
The  contact  in  No.  7  dips  22  °  and  the  amygdaloid  is  epidote. 
The  contact  in  No.  12  dips  28°  and  shows  copper;  there  is  more  on 
the  foot. 

In  No.  10  from  76-84  is  epidotic,  and  then  to  94  amydaloid. 
Amygdaloidal  trap    d    7.     679-720 
d  12.     309-343 
d  10.       76-94-111 
In  7  a  vein  parallel  to  the  hole  between  679  and  705  may  cut  out  an 
amygdaloid,  but  the  streak  of  amygdaloid  trap  is  probably  a  mere  flow 
line  in  No.  12.     In  No.  10  however  it  is  amygdaloid  from  84-94,  and 
again  97-102.     Amygdaloidal  trap  d  12.     324-328. 
At  d  12.     3.37  is  a  calcite  seam  dipping  22°. 

(3924) 
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82.      Aniygdaloidal  ophite  21  (19) 

Amygdaloid    d    7.     720-730 
d  12.     343-349 
d  10.     111-113 
Trap  d    7.     730-741 

d  12.  349-371 
d  10.  113-138  ■ 
The  peculiar  mixture  of  specked  amygdaloid  and  mottled  (ophitic?) 
trap  comes  in  12  at  349-371  and  also  in  10  from  113  dov\Ti,  and  is 
notable.  In  No.  7  while  there  is  much  marked  amygdaloidal  trap 
with  small  amygdules  there  is  also  the  effect  of  shearing  at  flat  angles 
at  15°to  18°Hromd7.  720  tod  7.  738  feet  respectively.  I  wonder 
if  they  were  peculiarly  saturated  with  water  in  some  way;  cf .  the  ellip- 
soidal greenstones. 


(3943) 
83.       Amygdaloid  ophite,  very  peculiar  mottles  29  (26) 

Amygdaloid    d    7.     741-7.50  or  75.5 
d  12.     371-37.5 
d  10.     138-141 
At  Hole  12  the  contact  is  epidotic  at  21  °| 
Amygdaloidal  trap    d    7.     755-770 
d  12.     375-391 
d  10.     142-161 
In  7  banded  and  irregularly  mottled  and  amygdaloid,  also  in  No.  12 
at  375  the  amygdaloidal  ophite  bands  dip  45°  and  there  are  ^  mm. 
mottles,  at  388  the  dip  is  less  than  32  °.     The  minute  mottling  reminds 
one  of  contact  phenomena,  spilosites,  etc.     Cf.  also  Hole  10.     113-120. 
Arcadian  beds  Nos.  110  and  111  and  certain  beds  often  associated 
with  Conglomerate  6  and  7  seem  to  possess  this  pecuUarity. 

(3969) 
34  (30) 


84. 

Ophite  3  mm?,  peculiar  mottles 

Amygdaloid   d    7.     770-785 

dl2. 

d  10.     161-164 

Trap                d    7.     785-804 

d  12.     391-421 

d  10.     173-194 

Peculiar  rice-like  elongate  3  mm.  mottles  at  d  10.     172  and  178. 

In  No.  12  the  mottles  in  coarse  and  fine  bands,  the  coarse  as  large 
as  3  mm.  came  out  well  about  d  12.  416.  The  banded,  irregular 
mottles  (dip  28°)  show  in  No.  12  above  770  feet. 

Epidote  with  a  little  leaf  of  copper  at  d  10.  173-175;  also  epidote 
and  copper  at  d  12.     420-421. 

Specked  trap  d  12.     421-426 

Amygdaloidal  base  d  10.     190-194 

(3999) 

END  OF  CENTR.\L  GROUP? 

85.       Felsite  tuff.     Volcanic  ash  bed  (1) 

d  7.  804-805 
d  12.  426'  9" 
d  10.     194-197 
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Apparent  dip  in  No.  10  15° 

At  d  7.     800  is  either  a  little  felsite  or  sediment. 
Base  below  base  of  Wolverine  sandstone  (4000) 

Sp.  20584  at  d  10.  195  represents  this  bed  U.  M.  It  is  evidently 
a  bed  of  felsite  ash  like  the  so-called  Mesnard  epidote.  There  are  small 
fragments  of  porphyrite  with  lath-shaped  feldspars  to  be  sure.  But 
most  of  it  is  either  quartz  or  feldspar  fragments,  plagioclase  or  ortho- 
clase,  with  very  numerous  fragments  showing  the  conchoidal  outlines 
of  glass  chips.  The  original  fragments  are  outlined  by  different 
amounts  and  distribution  of  iron  oxides.  The  bulk  of  the  rock  is  now 
made  up  of  a  patchy  mosiac  of  quartz  and  feldspar,  with  considerable 
disseminated  calcite. 

Sp.  20597  at  d  12.  426  U.  M.  is  not  quite  so  clear.  It  might  be  a 
bit  of  felsite  flow.  Perhaps  it  is  from  a  fragment.  It  is  more  charged 
with  epidote  and  is  traversed  by  a  vein  or  fracture  line  from  which  the 
epidote  spreads.  There  are  a  few  minute  phenociysts  of  quartz  and 
feldspar  not  over  1  nmi.  across. 

This  is  a  very  important  horizon  as  I  correlate  it  with  that  of  the 
felsites  which  occur  to  the  north  at  intervals,  the  Mount  Houghton 
felsite.  Also  compare  the  felsite  on  Sec.  4,  T.  56,  R.  32.  It  is  note- 
worthy that  the  quartz  porphyry  which  appears  on  the  railroad  track 
near  by  does  not  appear  in  any  of  the  holes  unless  this  represents  it. 
I  am  therefore  inclined  to  consider  this  its  effusive  equivalent,  that  being 
intrusive. 

But  if  this  represents  the  St.  Louis  or  Bohemia  conglomerate,  (or  the 
jasper  belt  of  Figure  9,  Volume  VI,)  and  it  is  not  so  far  from  the  line 
of  strike,  when  we  allow  for  the  flat  dip,  then  as  we  have  found  no 
group  of  beds  corresponding  to  Conglomerate  8  and  6  of  Portage  Lake 
we  are  almost  forced  to  believe  that  that  group  corresponds  to  this 
felsite  horizon  and  the  associated  conglomerates  of  the  end  of  the 
point,  and  the  big  opliitic  series  below  down  to  the  Baltic  lode  to  a 
corresponding  group  of  ophites  which  are  cut  by  the  Mt.  Bohemia 
gabbro. 
(86.)    Amygdaloidal  ophite  36  (33) 

Amygdaloid    d    7.     805-8184-        (13  +  ) 
d  12.     427-445  (18) 

d  10.     197-211  (14) 

Very  marked  in  No.  7  all  the  way,  specked  in  No.  12,  with  3  feet 
epidotic  at  the  base  in  No.  10  !•? 

Trap  d  12.     445-463       This  trap  is  characterized  by  fine  and 

d  10.     211-233       coarse  mottling;  distinct  even  when  no 
larger  than  a  pinhead. 


Torch  Lake  drill  hole  12.  560  paces  N.  1320  W.  Sec.  36,  T.  56  N.  R.  33  W. 
Vertical.  This  hole  is  lapped  entirely  by  Holes  7  and  10.  The  dip  by  correlation 
with  10  on  Stockly's  section  is  only  14°,  but  this  may  be  due  in  part  to  faulting. 
The  average  of  observations  of  dip  of  flow  and  contact  on  the  cores  is,  (omitting 
two  very  discrepant),  tan-1  (150:71)  or  25°^.  Considering  the  possibility  of  fault- 
ing and  veering  strike,  it  will  not  be  worth  while  to  change  the  reduction  factor  from 
.90  to  .97,  as  the  difference  is  within  the  range  of  error,  and  the  beds  do  not  appear 
thinner  in  12  than  7,  though  they  are  ifi  10. 
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Thickness 
in  7. 


(70). 

425-443 

12.13- 

34 

21 

16 

(71). 

443-468 

34 

53? 

19 

22 

(72). 

468-474 

53? 

63? 

10 

5 

(73). 

474-483 

63? 

98 

35 

9 

(74). 

483-496 

98 

107- 

9 

12 

(75). 

7.     496-534 

107 
140? 

140? 
157 

33 
17 

33 

(76). 

7.     534-574 

157 
179? 

179 
194 

22 
15 

36 

(77). 

Copper      bearing      mel 

7.     574-605 

12.194 

226 

32 

(28) 

(78). 

Am.  Mel.  7.     605-638 

226 

259 

33 

(30) 

(79). 

Am.  Mel.  7.     638-663 

259 

287 

28 

(23) 

(80). 

Am.  Mel.  7.     663-675 

287 

305 

18 

(12) 

(81). 

Copper  bearing  mel. 

675-720 

305 

343 

38 

(40) 

(82). 

Am.  ophite         720-741 

343 

371 

28 

(19) 

(83). 

Am.  ophite         741-770 

371- 

391 

20 

(26) 

(84). 

Ophite  3  mm.    770-804 

391 

426 

35 

10.163-194 

(85): 

Felsite  tuff         804-805 

426'  9" 

10.194-197 

(86). 

Am.  ophite         7.805-817 

427  + 

445 

10.197-211 

(87.) 


The  samples  seem  to  be  a  little  misplaced  in  the  boxes  in  Hole  12 
and  sheared  in  No.  7.  No.  12  at  13  feet  matches  No.  7  at  425  feet 
fairly  well.  The  extra  thickness  of  the  section  in  7  may  be  due  to  flat 
shearing  strike  faults  which  can  be  seen  abovit  535. 

It  is  hardly  worth  while  to  try  to  correlate  the  rest  of  the  beds  of  Hole 
12  below  the  felsite  tufa  with  those  of  Hole  10  in  detail  because  they 
are  both,  especially  Hole  10,  much  disturbed  and  crossed  by  shearing 
lines  which  are  very  heavy.  Also  they  both  consist  of  a  set  of  beds 
which  evidently  are  the  same  formation  but  are  not  separable  into 
well-marked  beds.  They  are  a  continual  succession  of  amygdaloid 
beds  with  bubbles  (amygdules)  now  fine,  now  coarse  from  1  to  4  or 
5  mm.,  mainly  less  than  3  mm.  The  original  rock  must  have  been 
more  or  less  pumiceous.  Occasionally  as  in  beds  (82)  and  (83)  an 
ophitic  texture  with  minute  mottles  seem  to  be  combined.  This  is 
especially  true  at  d  12.  623-636  which  is  thus  far  comparable  with 
d  10.  352  to  358,  d  10.  402  to  412,  d  10.  460-474,  d  10.  481-490, 
d  10.  497-501,  and  in  Hole  11  the  beds  at  the  top,  but  one  can  not  be 
sure  whether  these  are  repetitions  by  succession  or  by  faulting. 

As  a  whole,  one  would  imagine  that  the  lavas  were  more  pumiceous 
and  had  perhaps  lost  less  of  their  inherent  water.  The  bottom  of 
Hole  12  as  a  whole  laps  Holes  10  and  11. 

d  12.     427=4000 
The  following  are  the  notes  from  d  12.     448  down: 


Amygdaloid  or  amygdaloid  trap  to  d  12.     448. 
on,  characteristic  amygdaloid  and  mottled  beds 
Epidote 
13ands  of  fine  and  coarse  mottling 

51 


From  here 


-450  feet 
457 
463 
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466 

469 


529 


Amygdaloid 
Epidotic 

Sheared  at  an  angle  of  45°  and  vertically.  Amygdaloid 
coarse,  and  then  characteristically  fine  and  pumiceous,— one 
bed  like  this  in  the  Victoria  section.  This  continues  with 
the  amygdaloid  mainly  fine,  but  coarser  at  522,  523,  526  feet 
down  to 

Shearing  occurs  at  a  45°  angle. 
Coarser  amygdaloid 

Finer  as  usual,  apparent  dip  of  amygdaloid  bands  18°i 
Then  amygtlaloidal  trap,  coarse  amygdaloid  at 


Trappj' 

Full  of  bubbles,  pumiceous  at 
Much  seamed 
Coarse 
Finer 
Coarse 
Fine 

Then  amygdaloidal  ophite  ?  mottles  1-2  mm. 

h  mm. 
Possible  contact 
Cf. 
(88?)  Pumiceous  amygdaloid 

Coarse  specked  trap  with  big  round  and  also  an 
gular  specks 

Here  a  shear  much  laminated 
Very  pumiceous,  fine  amygdaloid 
Trap,  specked 

Since  d  12.     427  is  (4000  ft)  below  the  Wolverine,  this  is  about    (4275) 


12..541-544 

8°h 

1 2.-546-553 

12.564 

. 

12.571-573 

12.575-578 

12.582 

587 

593-596 

-601 

-606 

-623 

at 

629 

at 

633 

about 

12.636 

10.443  and  372 

at 

12.647 

at 

12.661 

at 

12.654 

to 

12.693 

to 

12.702 

Torch  Lake  driU  hole  10.  360  paces  N.  1 150  paces  AV.  Sec.  10,  T.  50  X.,  R.  33  W^ 
Vertical.  This  hole  also  is  lapped  pretty  thoroughly  by  7,  12  and  11.  Correlating 
dT2.  426  with  d  10.  195  would  indicate  a  dip  of  only  14°.  Reduction  factor  .97. 
Cf.  in  the  Old  Colony  section  the  St.  Louis  conglomerate  about  4500  feet  below  the 
W^olverine. 

d  7.     605 


(78). 
(79). 
(80). 
(81). 
(82). 
(83). 
(84). 
(85). 


Am.    mel. 


ophite 


15-18 
42-62 
62-74 

74-111?  with  copper? 
111-138 
138-161 
161-194 
Felsite  tuff.     Volcanic  ash  10.     194-197     d  7.     805 

(4000). 
Apparent  dip  15°,  and  as  200  in  7  correspond  to  179  here,  it  is  sug- 
gested that  the  beds  are  struck  a  little  more  at  right  angles.     The  re- 
duction factor  used  in  7  was  .9.     If  in  10  the  beds  are  at  15°  it  should 
be  .97  which  will  mainly  account  for  the  difference  in  thickness. 


10. 
10. 
10. 
10. 
10. 
10. 
10. 
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8G.       Melaphyre  36  (32) 

Amygdaloid    d  10.     197-211 
3  feet  epidotic  at  the  base. 
Trap  d  10.     211-230 


(4032) 

87.  Sediment,  amygdaloid,  conglomerate,  red  shale,  with  black  and  white 
amygdaloid  scoria,  much  seamed  and  shattered.     Dip  15°. 

88.  Pumiceous  melaphyres 

Amygdaloid    d  10.     230-233 
Trap  specked  d  10.     233-240 
and  amygdaloid. 

Much  seamed  at  18  °i  and  at  d  10.     240  a  big  seam  at  16  °i.     All 
along  from  this  on,  partly  perhaps  owing  to  the  seaming  but  more  to 
the  character  of  the  beds,  it  is  not  possible  to  mark  off  exact  flows, 
we  hare  to  do  as  in  Hole  12. 
The  amygdaloid  is  poor  to  d  10.246 

Then  finer,  pumiceous  10.248-260 

A  .seam  dipping  28°  faults  bands  of  amygdules  dipping  22°. 
Amygdaloid  is  coarse  from  10.260-263 

Then  specked  trap,  with  decomposed  bands  across 
the  hole,  also  a  seam  at  32°  with  the  vertical. 
Much  amygdaloid  (dip  23°)  266-270 

Trap,  rotten  with  clay  fluccan,  dipping  34° 
Amygdaloid,  decomposed  (dips  13°  or  so)  to  10.282 

Amygdaloidal  trap  to  10.293 

Pumiceous  amygdaloid  to  10.302 

Coarser  (dip  21  °f )  303 

Pumiceous  amygdaloid  to  308 

Of  all  the  amygdaloids  the  characteristic  feature  is  the  very  mmierous 
bubbles  generally  less  than  3  mm.  across  ranging  from  1  to  4  or  5. 
Amygdaloidal  trap  to  10.311 

Coarse  amygdaloid  to  10.317 

Pumiceous  amygdaloid  '  to  10.319 

Coarse  amygdaloid  to  10.323 

Specked  trappy  amygdaloid  to  10.333 

Pumiceous  to  10.337 

Then  more  compact  with  seams  dipping  10°  to  15° 
Amygdaloid  10.     345-351 

With  veins  at  45°  and  vertical;  lots  of  calcite,  little  else  secondary. 
Mottled  1  mm.  at  352 

2  mm.  at  355? 
Amygdaloid  yet  with  coarse  and  fine  mottling  in  bands 

10.358-364 
Specked  trap  10.     372 

There  may  be  a  contact  here. 
Pumiceous  amygdaloid  (dip  20°)  10.370-380 

Brecciated  slide  and  fluccan  10.380-381 

Fine  grained  specked  trap  to  384 

Amygdaloid  to  392 

Big  calcite  seam  (dip  2G°h)  at  398 

Mottled  banils  1-3  mm.,  .seams  making  a  slight  angle  with  the  core 
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are  faulted  by  slides  nearly  parallel  to  the  dip  (14°).     The  bands  of 
specks  and  the  size  of  mottles  var>'  in  short  distances. 
There  are  many  big  .seams  at  10.412 

A  heavy  breccia  seam  nearly  vertical,  a  fissure 
vein  is  crossed  near  10.441 

Amygdaloid,  fine,  with  many  nearly  vertical  seams  to  10.457. 

(22°  dip?) 
Then  bands  of  fine  and  coarser  mottles  from  1-3  mm.,  dip  about  18°. 
Fissure  at     10.470 

Amygdaloid  10.476-481     • 

Mottled  1  mm.  at  483  ^  mm.  at  10.        488 

Marked  pumiceous  amygdaloid  to  10.        497 

Fine  i  mm.  mottles  10.499 

More  coarsely  ophitic  but  also  amygdaloidal  to 
the  end  10.503 

These  banded  amygdaloidal  and  at  the  same  time  mottled  beds 
occur  also  in  Hole  11,  down  to  705  feet,  where  it  seems  to  pass  into  a 
block  of  Eastern  sandstone.  Definite  correlations  seem,  however, 
impossible. 

The  bottom  should  be  below  the  Wolverine  about  (4275)     • 


Torch  Lake  drill  hole  n.  300  paces  N.  850  paces  W.  Sec.  36,  T.  56  N.,  R.  33  W. 
This  hole  is  close  to  the  great  Keweenawan  fault,  and  in  fact  if  I  am  not  mistaken 
crosses  it  and  encounters  a  block  of  Eastern  or  Jacobsville  .sandstone  from  705  feet 
to  798  feet.  The  other  beds  it  goes  through  are  of  the  same  type  as  Hole  10.  The 
dip  is  quite  flat  in  the  Keweenaw  beds,  perhaps  10°.  The  general  correlation  is 
quite  clear  but  individual  correlations  are  far  from  certain.  There  must  be  a  num- 
ber of  flows  in  the  belt  we  call  88.  It  is  possible  the  amygdaloid  conglomerate  at 
d  10.  233  may  correspond  to  d  11.  86,  but  d  10.  195  is  not  represented.  As 
the  factor  to  reduce  to  true  thickness  is  uncertain  and  probably  makes  only  3% 
difference  or  less  it  is  not  used. 

(4032  +  ) 
(88).    Amygdaloidal,  pumiceous  ophites,  mottles  2-3  mm.         d  11.     36 
Amygdaloidal  d  11.     36-42 

3  mm.  mottles  49 

Gray  and  yellow-green  -62 

Full  of  irregular  and  chlorite  seams  and  slickensides. 
Angular  breccia  for  d  11.     73-88 
Amygdaloid  conglomerate? 

Dip  18  °i  to  22°,  also  steeper  seams  parallel  to  the  Keweenaw  fault? 
dipping  51  °. 
Fine  grained  chloritic  amygdaloid  d  11.       88-119 

Banded  ophite  1-3  mm.  -133 

■  Amygdaloid  and  breccia  seam'  -150 

Pumiceous  amygdaloid,  red  and  white  and  claso- 
litic  156-160 

Amygdaloid,  often  coarse 
Amygdaloid,  with  clasolitic  seams  and  beds. 

Dip  25°  and  shear  dips  34°  and  more  -168 
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Amygdaloid,  mainly  fine  to  d  11.     256,  with 
coarse  streaks  at 


dll 


174-177 
181-187 
194-196 
225-228 
229-235 
240-243 


Seam  at  18^° 

Ophitic  banding  with  bright  red  (cf .  iddingsite)  specks 

Cf.  d  10.     402  flow  banding  15°?  at  235 

Amygdaloid  coarse  at  262 

Shearing  at  22  ° 

Much  red  shearing  and  slickensiding,  dip  31  °. 

Thoroughly  brecciated  and  trappy  along  at 

Banded  2  mm.  ophite  at 

Contact  at 

Fine  brecciated  calcitic  amygdaloid 

Sheared  at 

And  thoroughly  decomposed  to 

Much  seamed  at  26°  to  vertical  at 

Decomposed,  seamed,  with  contact  at  45°  at 

It  is  probable  that  we  are  getting  abnormal 
dips  close  to  the  great  fault. 
A  dip  of  36°  at 
Amygdaloid 

Seams  dip  15°  and  59°  in  the  same  direction. 
Fine  amygdaloid 
Coarser  amygdaloid 
Mottles  1-2  mm.  in  trap 
Fine  amygdaloid 
Coarser 

Mottles  2  mm.  ^t 

Seam 

Amygdaloid 
Mottles  1  mm.  in  trap 

Amygdaloid  with  many  vertical  seams  and 
datolite  cr>-stals.     Sp.  20586 
Coarser 
Fine  amygdaloid 

Seams  at  45° 
Amygdaloidal  ophite  2  mm.  mottles 
Possibly  a  contact 
Amygdaloid,  fine  grained,  dip  of  bands  18.5° 

Also  seams  at  15° 
Amygdaloid  ^'~* 

Fine  grained  ophite  to 

Basal  amygdaloid,  dip  18.5°  to 

Possibly  a  contact  of  flows  here. 
Fine  amygdaloid 
Fine  trap 

Poor  amygdaloidal  trap 
Amygdaloid 


11.285 
11.297 
11.307 

11.310 

11.318 

11.322 

332 


11.338-348 
11.348-358 

11.358-362 
11.362-370 
11.370-374 
11.374-386 
11.386-391 
11.394 
11.398-401 
11.400-406 
-412 

11.412-429 
■437 
-459 

11.459-465 
468 


11.539 
11.543 
11.545 

11..545-.547 
-551 
-568 

11.568-575 
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Amygdaloid,  Hue  jirained  1  imn.  opliite  -583 

Di{)  about  18°i 
Amygdaloid  11.583-596 

Mottles  2-3  mm.  -008 

Finer  -G12 

At  this  point  a  big  seam  about  15°  from  the  vertical. 

Mottles  at  622  and  628  feet  1  and  2  mm.  respectively. 
There  may  be  a  contact  at  633  feet. 

2  mm.  mottles  at         11.660-664 

Much  seamed,  nearly  vertical  or  at  54°  at  668 

A  dark  chloritic  rotten  trap  11.696-704 


Seams  vertical  and  at  56°  and  18  °§  therefrom. 

Fault  the  Keweenaw  fault  about  here  (4700)  "i 


89.  Brown  sandstone  11.705-794 

The  grains  of  sandstone  show  quartz  and  pink  feldspar.  They  do 
not  look  like  the  intercalated  Keweenawan  sandstones  but  like  the 
overlying  Freda  or  Jacobsville  sandstones.  The  color  is  white,  mot- 
tled with  brown.  Cf.  one  of  the  Isle  Royale  holes;  also  one  of  the 
Lake  holes;  also  one  of  the  Challenge  holes,  and  the  Wyandotte  holes. 

The  first  core  at  705  is  somewhat  one-sided,  probably  the  other 
part  (like  that  just  above  it)  was  chloritic.  Pink  (laumontite).  Seams 
dip  at  78°  and  46°,  the  chlorite  seams  at  74°. 

At  first  the  dip  is  11  °.     Seams  (parallel  to  the  fault?)  at  59°. 

The  bedding  is  faulted  at  d  11.     714 

Then  the  dip  is  26  °i  then  29  °i 

Near  794  the  brown  sandstone  seems  to  dip  64°, — a  pressure 
cleavage  perhaps. 

Fault. 

90.  Crosses  fault  and  passes  back  into  ophite  seam,  is  at  34°  to  d  10.     798 

This  is  evidently  not  in  normal  succession  beneath  the  sandstone 
There  is  no  basement  conglomerate.  It  is  of  the  same  curious  type 
atdll.     646. 

91.  Much  crushed,  brecciated  and  distended  amygdaloid.  798-854 

This  change  is  abrupt  on  a  sharp  clay  plane  dipping  25°.  The  rest 
is  a  slickensided  amygdaloid,  pumiceous  like  the  low  horizons  of  Holes 
12  and  10,  with  red  clay  planes  cutting  it  almost  every  way,  e.  g.,  dip 
31°  also  50°. 

From  d  11.  809-819  the  breccia  shows  much  shearing  at  about  a 
64°  dip,  with  plain  mottles. 

§11.      FRANKLIN  JUNIOR.      (FIG.  40. i) 

The  neighborhood  of  Section  8,  T.  55  N.,  K.  33  W.,  has  been  the 
center  of  exploration  from  the  earliest  times  under  the  successive 
names   of  Albany   and   Boston,   Peninsula  and    Franklin    Junior. 

iln  envelope. 
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Sections  were  given  in  Volume  1,-  furtlier  additions  made  by 
Denton  in  the  Proceedings  of  the  Lake  Superior  INIining  Institute 
and  still  fai-ther  by  Hubbard  in  Volume  VJ.  But  much  more  Avork 
has  been  done  since  and  a  compilation  of  the  main  section  along 
the  4th  level  cross-cut  of  the  Franklin  Junior  with  various  drill 
holes  is  given  herewith,  as  Figure  40,  with  a  number  of  Rhode  Island 
and  Franklin  drill  holes  brought  into  their  proper  geologic  posi- 
tion regardless  of  their  geographic  position. 

Franklin  Junior  Mining  Company  Section.  A  cross-section  of  lliis  property  is 
found  in  the  Proceedings  of  the  Lake  Superior  Mining  Institute  for  1894,  prepared 
by  F.  W.  Denton  in  a  plate  at  the  end  of  their  \'olume  II,  and  again  in  Volume 
VI,  Plate  IX,  of  the  Michigan  Geological  Survey  Reports  for  L.  L.  Hubbard. 
The  drill  cores  are,  I  think,  in  the  Survey  office.  It  is  therefore  not  necessary  to 
repeat  these  records  in  full  but  we  may  add  additional  data  and  enough  from  their 
records  to  combine  into  one  consistent  cross-section.  There  is  one  thing  to  which 
attention  should  perhaps  be  called.  The  dip  of  the  "Albany  and  Boston"  or  Al- 
louez  conglomerate  is  taken  as  52°.  If  it  be  taken  as  48°  as  in  Volume  IX  and 
customarily,  the  relations  of  Hole  A  and  B  will  be  somewhat  changed.  Diamond 
drill  hole  B  was  vertical  and  about  five  feet  lower  than  the  collar  of  No.  1  shaft  in 
the  Albany  and  Boston  conglomerate,  and  830  ft.  from  the  foot  of  the  conglomerate. 
It  passes  through  35  feet  of  drift.  Then  we  have  for  Hole  B  reduction  factor  (cos 
52°=)  .608 

1.  Porphyrite  (20) 
(1.8) 
(18.5) 
(32) 

2.  Amygdaloid  7  (4) 
(5) 
(8) 

(4)  (36) 

(32) 
(40) 

(1.8)  (69) 

(46.2) 

(11  to  B  238  feet) 
(42) 
(4.3) 
(46.8)  to  B  321  feet 

(46) 
6.     Amygdaloid  12         (7.4) 

(35.1)     Coarse 

This  outcrops  just  N.  W.  of  the  Pew'abic  shafts,  with  a  few  large  por- 
phyritic  crj'stals  and  more  or  less  abundant  bands  glomeroporphyritic 
Trap  30         (18.5)     Very  fine  black  to  B  437 

This  fine  black  trap  came  also  in  the  21st  level-cross-cut  at  457  feet  and 
in  Hole  A  at  501  feet,  and  is  taken  to  be  the  immediate  Pewabic  lode 

2In  usine  such  terms  as  Old  Pewabic,  Pewabic,  etc.,  I  refer  to  them  as  used  in  Volume'!  of 
these  reports,  in  particular  cross-sections,  pages  81-86. 


Porphyrite 

Amygdaloid 

3 

Blue  trap 

30 

Cf.  Arcadian 

1 

Amygdaloid 

7 

Trap 

8 

Cf.  Arcadian 

2 

Amygdaloid 

7 

Trap 

52 

Cf.  Arcadian 

3 

Amygdaloid 

3 

Trap 

75 

18 

Cf.  Arcadian 

4 

Amygdaloid 

7 

Trap 

76 

Copper  at  B  ;■ 

;72  feet 

Cf.  Arcadian 

5 

Amygdaloid 

12 

Trap 

57 
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hanging.     This  Hole  A  was  from  the  8th  level  20  ft.  N.  of  No.  2  shaft  and 
503  feet  below  the  collar. 

7.  Pewabic  lode  and  foot  (246) 

Amygdaloid  d  A.     32  (20)  B.     437  to  469 

A.     501  to  476 

447-459  in  cross-cut 
Trap  A.      476-471 

Amygdaloid  A.      471-451 

Trap  A.      451-416 

In  the  21st  level  cross-cut  we  have  the  amygdaloid  copper-bearing 
(9  ft.)  lode  at  447-459  and  above  it  the  fine  grained  trap.  From  313-447 
feet  (133.5)  feet  (102)  is  all  trap,  at  bottom  band  finer  grained,  then  about 
50  feet  further  on  coarser,  with  prominent  pink  and  green  feldspar,  and 
doleritic  feldspar  for  some  22  feet.  The  prominence  of  the  feldspar  is 
partly  due  to  alteration  as  the  rock  is  wet  and  a  wet  seam  from  which  a 
sample  of  salt  water  was  taken  (see  analyses)  dips  with  the  foot  about 
40°.  This  is  a  heavy,  well-marked  bed.  I  suspect  that  the  doleritic 
streak  is  the  "green  amygdaloid*  of  a  record  of  Hole  A  in  the  L.  S.  M.  1., 
1894,  as  then  the  distances  would  agree  verj'  well,  the  whole  belt  A.  451-326 
belonging  together.  The  doubling  of  this  amygdaloid  at  the  end  of  A 
can  be  explained  as  due  to  some  fault  repetition, — a  northward  trending 
fault  throwing  the  east  side  to  the  right  or  SE.  perhaps. 

The  coarsely  feldspathic  character  is  plain  also  in  the  Arcadian  section 
in  d  5.  346-472;  especially  at  d  5.  372  when  the  feldspar  is  5  mm.  long. 
Also  d  6  down  to  152;  especially  57-98.  The  thickness  also  agrees.  This 
is  Arcadian  11. 

The  sections  immediately  above  rarely  agree  exactly,  and  this  is  prob- 
ably due  to  fault  disturbances. 

8.  Amygdaloid    295-314  in  cross-cut  19  ft.=15  ft. 

dA.  326-301  25      =20 

Poor,  with  rather  uncertain  relations, — it  should  perhaps  be  grouped 
with  the  heavy  red  amygdaloid  band  below. 

9.  Amygdaloidal  melaphyre  or  melaphyres  (103)  to  (46) 

Red  amygdaloid  d  A.     301-231=70  (65) 

21st  level  cross-cut  at  251-295=45  (33) 
Trap  d  A.     231-181=50  (38) 

21st  level  234-251=16  (13) 

S.  16  with  occasional  coarse  porphyritic  crystals  and  chlorite  spots 
like  Ss.  16441-16444  from  Tamarack  d  4.     2208-2416. 

The  heavy  band  of  amygdaloids,  at  the  top  coarse  pink  and  green 
amygdaloids  with  copper,  seems  to  be  identifiable  in  the  Tamarack  shafts. 
T  5  b  46.  2569-2630.  They  are  wet,  and  some  old  shafts  at  the  Franklin 
Junior  were  on  them.  If  this  is  the  old  Albany  and  Boston  amygdaloid 
then  probably  the  identification  in  XV  d  is  wrong.  It  seems  to  match 
the  "Green  Amygdaloid"  of  that  section. 
10.    Ophite  '  (52)  to  (99) 

Amygdaloid      d  A.     181-173=8  (6) 
21st  level  d  A.     232-234=2  (2) 

Trap  d  A.     173-115=58  (46) 

21st  level  232-131=101  (97) 

iNot  the  "Green  Amygdaloid"  of  Vol.  I,  Pt.  11,  p.  86,  XV.  d.     The  same  amygdaloid  will 
be  in"one  place  green,  in  another  red,  according  to  the  stage;?  of  alteration. 
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In  the  cross-cut  at  192  feet  was  a  wet  seam  which  I  took  to  be  one  of 
decomposition  dipping  to  the  south.  I  took  a  sample  of  water  (see  Analy- 
sis, sp.  gr.  1.045?).  The  amygdaloid  at  232  is  shaly  and  coarse,  perhaps 
not  the  contact  of  a  flow. 

One  must  take  9  and  10  together  to  get  a  corresponding  thickness  of 
about  150  feet.  This  outcrops  between  the  amygdaloid  and  conglomerate 
shafts. 

11.  The  "Mesnard  epidote"  an  ash  or  porphyrj^  tuff. 

d  A.     110-115=5     (4) 
21st  level  98=103    (3) 

S.  15  Fine  grained,  brown  and  yellow-green  epidotic  mixed,  with  a 
glassy  conchoidal  fracture.  This  very  peculiar  bed  was  also  noted  on 
Isle  Royale  hole  VI.  81-91,  and  in  the  first  Tamarack  shaft,  at  460  ft.  It 
is  really  a  volcanic  ash,  having  had  a  large  amoimt  of  soluble  silica  and 
showing  conchoidal  forms  of  volcanic  ash.  I  think  it  may  correspond  to 
the  Chippewa  felsite  of  the  Porcupines.  There  is  no  question  about  the 
correlation  of  the  cross-cut  at  103  ft.  and  A  d  115,  though  there  is  some 
question  about  the  correlation  of  the  points  at  which  the  measurements 
of  drill  hole  and  cross-cut  begin. 

BEGINNING  OF  CENTRAL  GROUP.     END   OF  ASHBED  GROUP. 

12.  Ophite 

Trap  d  A.      110-105=5(4) 
21st  level        70-98=28  (22) 

13.  Ophite  the  "Greenstone"  (.52  to  54) 

Amygdaloid  d  A.     105-85=20  (16) 
21st  level  68-70=2     (2) 

Fine  green  trap  d  A.     85-37=48  (38) 
21st  level  0-68=68  (50) 

14.  Albany  and  Boston  or  Allouez  conglomerate  (Marvine  No.  15) 

Fluccan  d  A.     37-30 
Conglomerate  d  A.     30-0 
Shaft  and  drift  about  15 

This  conglomerate  has  been  extensively  opened  and  is  described  in 
various  reports,  Steven's  "Copper  Hand  Book"  and  Rickard's  "Copper 
Mines  of  Lake  Superior. " 

The  thickness  varies  greatly  in  different  parts  of  the  mine. 

The  section  is  continued  south  in  the  4th  level  cross-cut  which  begins 
234.57  below  the  collar  of  the  shaft  and  at  the  Kearsarge  conglomerate  is 
197.72  below.  The  shaft  is  about  560  above  Lake  Superior  (A.  L.  S.) 
Further  description  will  be  found  in  Vol.  VI,  Pt.  II. 

15.  Melaphyre,  feldspathic  ophite  (81) 

Amygdaloid    -41  (31) 
Trap  -108  (50) 
Arcadian  20 

16.  Medora  lode  and  foot  ophite  (29) 

Amygdaloid    125  (13) 
Trap  146  (16) 
Arcadian  21 

17.  Ophite  (Mandan?)  (140) 

Amygdaloid    163  (13) 
Trap  203  (30) 
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Altered  epidotic  221  (14) 

Trap  334  (83)   'scam  of  calcite  27  ft.  from  foot 

18.  "Ragged  amygdaloid"  and  ophite?  (41) 

Amygdaloid    340  (5) 
Trap  -388  (36) 
Arcadian  23 

19.  Ophite  (51) 

Amygdaloid    -395  (5) 
Trap  -456  (46) 
Arcadian  24 

20.  Houghton  conglomerate  (Marvine's  No.  14)  dip  49.5°  (51) 

Felsitic   conglomerate  -495  (29) 

Sandstone  -496    (1) 

Amygdaloid  conglomerate  -524  (21) 

21.  Ophite  (60) 

Trap  -602 

22.  Ophite  (85) 

Amygdaloid    -617  (12) 

Brecciated  calcitic  epidote,  drift  on  it 
Trap  -713  (73) 

23.  Ophite  (67) 

Amygdaloid  -718    (4) 

Trap  -730    (9) 

Amygdaloid  -747  (13) 

Trap  -800  (41) 
Seamed 

24.  Ophite  (90) 

Amygdaloid   -843  (32) 

Decomposed, — slide  striking  northeast  and  southwest  and  dipping 
southeast 
Trap  -918  (58) 

25.  Ophite  (92) 

Amygdaloid    -960  (32) 

Drift 

Trap  -1038     60 

Sp.  17300  Labradorite,  augite,  magnetite,  olivine 

26.  Ophite  (37) 

Amygdaloid   -1047    (7) 
Trap  -1086  (30) 

27.  Ophite  (26) 

Amygdaloid    1113  (21) 
Trap  1120    (5) 

28.  Ophite  (24) 

Amygdaloid    -1144  (18) 
Trap  -1151     (6) 

29.  Ophite  (86) 

Amygdaloid   -1177  (20) 

with  amygdaloid  conglomerate? 
Trap  -1264  (66) 


iMisprint  in  Vol.  VI— 85  for  83. 
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30.  Ophite  '  (70) 

Amygdaloid    1269    (5) 

Trap  1331  (48) 

Seam  1332    (2) 

Coarse,  altered,  doleritic,  with  copper 

Trap  1353  (15) 

31.  Ophite  (47) 

Amygdaloid    -1360  (5) 

much,  altered  calcitic  bunching 

Trap  -1414  (42) 

32.  Calumet  conglomerate  (Marvine's  13)  (.36) 

1414-1461 

This  is  amygdaloidal,  as  it  is  also  on  the  La  Salle  property,  4  in.  fluccan, 
then  sandstone  largely. 

33.  Porphyrite,  feldspathic  melaphyre  (92) 

at  50  feet  from  the  hanging  slip  on  the  N.  side  of  the  cross-cut  carrying 
fluccan. 

Amygdaloid    -1464  (2) 
Trap  -1581  (90) 

34.  Porphyrite  (42) 

Amygdaloid    -1634 
with  clay  cavities 

Sp.  17332  shows  large  olivines,  augite  granules.  This  amygdaloid  has 
been  much  drifted  on  in  the  Calumet  mine  for  drainage  but  has  no  copper. 

35.  Ophite  (103) 

Trap  -1768  d  D.     211 

at  65  feet  from  hanging  is  a  seam  dipping  56°  westward  and  other 
thinner  seams  showing  faulting. 

36.  Feldspathic  ophite  (57) 

Amygdaloid    -1785  (13)  d  D.     211-247 

Trap  -1840  (44) 

Verges  on  porphyrite,  oUvine  and  feldspar  abundant 

Shattered;  seams  dip  about  45°  east  to  southeast 

37.  Ophite  (20) 

Amygdaloid   -1859  (15) 
Trap  -1864    (5) 

38.  Calumet  amygdaloid  and  foot  ophite  (138) 

Amygdaloid    -1885    (16)  d  D.     361-398 
Trap  2041  (122)  d  D.     398-468 

Upper  part  shattered,  lower  part  coarsely  ophitic.  This  seems  to  be  a 
very  persistently  marked  sheet,  being  the  first  of  five  good-sized  ophites 
above  the  Kearsarge  conglomerate 


Base,  below  Calumet  conglomerate  (451) 

39.  Osceola  amygdaloid  and  foot  ophite  (98) 

Amygdaloid    -2060  (15) 
Trap  -2166  (83) 

Supposedly  opened  by  shaft  660  ft.  N.  1200  W.  of  E.  Q.  P.  of  Sec.  8, 
which  shows  also  £0  feet  of  overlying  ophite 

40.  Ophite  (64) 

Amygdaloid    -2171  (5) 
Trap  -2246  (59) 


412 


KEWEENAW    SERIES    OF    MICHIGAN. 


41. 


42. 


43. 


44. 


Ophite 

Amygdaloid    -2252      (4) 

Trap  -2404  (121) 

Ophite 

Amygdaloid    -2414  (8) 

Trap  -2522  (84) 
Kearsarge  conglomerate 

Fluccan  16  in.;  dip  52°  to  52.5° 

Porphyry  conglomerate  39  ft. 

Sandstone  4-^ 

Arcadian  49 

Base  from  base  of  Allouez  conglomerate  15 
Ophite 

Amygdaloid    -2581 

Trap  -(2632  by  drill)  2621 

The  drill  went  from  2597,  232  feet  beyond  to  2829 

slightly  amygdaloidal,  fine  grained  ophite 

doleritic,  medium  grained 


Finer  grained  than  at  15 


45. 


(125) 
(92) 
(45) 


1971 


(32) 


Sp.  17909 

5 

17910 

10 

17911 

15 

17912 

20 

17913 

25 

17914 

30 

Ophite  5  mm. 

Amygdaloid  (2(: 

Trap 

(28 

Sp.  17915  at  35 

J 

it  39 

i 

it  47 

17916 

55 

17917 

60 

17918 

65 

17919 

70 

17920 

75 

17921 

87 

17922 

93 

17923 

98 

17924 

113 

17925 

118 

17926 

127 

17927 

137 

17928 

142 

17929 

147 

17930 

157 

17931 

173 

17934 

179 

17935 

184 

17936 

189 

17937 

191 

(141) 


(2632-2642  by  drill)-2660 
18  by  drill)-2798 

amygdaloid  with  sandstone  seam 
amygdaloid  with  sandstone  seam 
coarse  feldspathic  dolerite 
coarse  feldspathic  doleritic 
coarse  with  clay  seam 

coarse.  Is  much  decomposed.  The  same  decompos- 
ed seam  and  fissure  and  coarse  amygdaloid  was  found 
in  running  the  cross-cut  at  2660 

flinty  seam 

coarse     In  the  cross-cut  this  very  coarse  amygda- 
loidal trap  with  pink  and  white  amygdules  was  noted 
at  about  2700  ft. 
coarser 

coarser 

Long  core,  no  amygdaloid  in  this 
coarse  ophite  about  5  mm. 


veined 
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46.  Feldspathic  ophite?  (73) 

Amygdaloid  d  D.     2798-2805  (6) 

17938  211     amygdaloid,  compact  fine  grained 

17939  218     amygdaloid,  marked 

17940  229         red   indurated  sediment,   clasolite,   did   not  show  in 

17941  amygdaloid  at  end  of  hole  cross-cut,  but  cf.  F.  J.  d  4  at  73 
Trap  d  D.     2805-2890     (68) 

at  2825  a  2  mm.  ophite 
Sp.  1  at  2856 

47.  Amygdaloid  conglomerate  (5) 

d  D.     2890-2897.5 

Sp.  2  passing  gradually  into  trap  below,  mixed  with  red  sediment. 
This  is  very  well  marked  also  at  the  Wolverine  mine  cross-cut  where  it 
was  opened  by  drifts.  It  also  occurs  in  the  Tamarack  29th  level  about 
(240)  feet  below  the  Kearsarge  conglomerate.     Cf.  F.  J.  d  4.     73-81 

48.  Ophite  (52.5) 

Trap  2965.7 

Sp.  3  at  2947.5  is  an  ophite 

49.  Ophite  (123) 

Amygdaloid  to  2974.5     (7) 

Trap  3125.5  (116) 

Sp.  4  at  3024.5  with  3-4  mm.  mottles  (74)  from  bottom 

5  at  3075.5  with  2-3  mm.  mottles,  darker  and  finer,  38  from  bottom? 

50.  Melaphj-re  (25) 

Amygdaloid   -3148.1     (17) 

Red  and  white  with  marked  but  small  amygdules  and  clasolitic  seams, 
'    copper  reported. 
Trap  -3158.7     (8) 

The  fifth  bed  below  the  Kearsarge  conglomerate  at  the  Wolverine  has 
also  a  heavy  amygdaloid. 

51.  Melaphyre'  (24) 

Amygdaloid    3167.6    (7) 
Trap  3190.1  (17) 

52.  Melaphyre  (14) 

Amygdaloid    -3201.1  (8.4) 
-3208.6  (6) 

Base  below  base  of  the  Kearsarge  conglomerate  (482) 

53.  Amygdaloid    to  3215.9  (6)  (17) 

Trap  to  3230.9  (11) 

Base  below  base  of  the  Kearsarge  conglomerate  (499  ft) 

At  the  Wolverine  mine  (  §  8  h)  the  8th  bed  is  (512)  feet  below 

54.  Amygdaloid    to  3243  (9)  (19) 

Trap  3256  (10) 

55.  Amygdaloid    to  3263.6  (6)  (15) 

Well-marked 
Trap  to  3267.3  (3) 
Decomposed 

56.  Melaphyre  (35) 

Amygdaloid  to  3288.311 
Trap  to  3320.3     24.5 

The  group  of  small  flows  leatling  to  one  strong  amygdaloidal  belt  seems 
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to  appear  also  in  the  Arcadian  section  57-61  down  to  005  feet  below  the 
Kearsarge  conglomerate.  Cf.  amygdaloids  10,  11  and  12  of  the  Wol- 
verine §  8  h. 

57.  Ophite  feldspathic  (55) 

Amygdaloid  to  338.S  (14) 
Trappy  with  copper 
Trap  to  3391.8     (41) 

Rather   coarse   and  glomeroporphyritic  to   near  contact.     The   rocks 
on  the  north  side  are  not  exactly  alike  as  though  the  drift  had  veered  a 
good  deal  in  strike. 
Sp.  6  is  a  1  mm.  ophite.     Cf.  F.  J.  4.     139-200 

58.  Ophite  (3-4  mm.)  (51) 

Amygdaloid  to  3407.8  (12) 
Trap  to  3457.8  (38) 

Sp.  7  of  the  amygdaloid  is  pink  and  green  with  rather  coarse  feldspar 
and  amygdules  also  coarse.     There  is  a  seam  dipping  E.  about  40°,  23 
feet  below  the  top  of  the  trap,  and  striking  about  N.     Cf.  F.  J.     4 
Wolverine  11th  level  Belt  15. 

59.  First  Kearsarge  amygdaloid  and  porphyritic  ophite  (47) 

Amygdaloid    to  3468.8  (8.4) 

Trap  to  3518.8    38  plus 

Sp.  8  is  of  the  top  2  feet  amygdaloid 

Sp.  9  is  8  feet  below^  the  top  and  shows  a  little  copper 

Sp.  10  is  the  top  of  the  trap 

Sp.  11  is  17.7  from  the  top 

Sp.  12  is  27  from  the  top 

Sp.  13  is  just  above  the  base,  toward  which  there  is  a  marked  columnar 
jointing  perpendicular  to  the  dip.     There  is  here  a  genuine  repetition. 

60.  Second  Kearsarge  amygdaloid  and  labradorite  ophite  (78) 

Amygdaloid  to  3529.4    (8) 
Trap  3545.8  (13)- 

Sp.  14  is  8  feet  from  the  top  of  the  amygdaloid 

The  cross-cut  ended  without  reaching  the  W^olverine  sandstone  so  that 
the  thickness  of  the  belt  must  be  obtained  by  comparison  with  records 
of  F.  J.  d  3,  which  shows  a  slide  and  a  little  Wolverine  sandstone  at  375 
feet.  This  would  project  at  3407  in  the  cross-cut,  but  it  is  more  north- 
east and  evidently  the  strike  is  not  at  right  angles  to  the  cross-cut  as  it 
does  not  appear  to  be,  but  more  north  of  northeast.  The  top  of  the 
Kearsarge  is  at  d  3.250  making  125  feet  thickness  and  a  similar  thickness 
is  found  at  the  Arcadian  63.  (101?)  and  Rhode  Island  (112) 

Owing  to  some  disturbances  it  is  not  possible  to  weld  the  cross-cut  and 
the  drill  holes  into  one  continuous  section.  We  therefore  begin  over 
again  with  the  drill  holes  but  give  the  corresponding  nvunbers  of  beds. 

It  is  worth  noting  that  Arcadian  belt  1  and  Franklin  Jr.  belt  1  cor- 
respond very  nearly  and  so  do  Arcadian  63  and  Franklin  Junior  61,  so. 
that  in- spite  of  thickening  and  thinning  and  dropping  out  of  individual 
beds  the  average  number  and  size  is  persistent. 

F.  J.  drill  hole  3  enables  us  to  continue  our  numbering  from  61  to  the 
heavy  ophite  66. 


Franklin   Junior   drill   hole   4.     Dip    of   hole   45°.     The  dip  of  the  beds  being 
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about  48°  the  correcticn  to  rtduce  thickness  along   tl.e   hole  lot   rue  thickness  is 
negligible. 

1.  Overburden,  till,  0-60 

2.  Ophite 

Trap  d  4.     60-73  (13) 

mottling  from  1  to  2  mm.  growing  less 
(48?)       3.  Sediment  ?  at  73 

4.  Melaphvre  (^'^) 

Trap  and  sludge  d  4.     73-139'  7"  (67) 

Down  to  81  it  is  largely  a  sludge  of  epidote,  laumontite  and  cal- 
cite,  then  fine  grained  throughout,  though  growing  finer  with  a 
few  chloritic  amygdules  near  the  bottom. 

Sp.    17967  at  d  4.84      has  groups  of  small  feldspars  like  a  por- 
phyritic  margin 

17968  4.110 

17969  4.129 

17970  4.135 

5.  Glomeroporphyrite 

Amygdaloid    d  4.     139-144  (5) 
Trap  d  4.     144-200  (54) 

The  amygdules  have  pink  borders,  green  or  white  centers,  and 
the  bed  is  brecciated  and  coarse  chloritic  amygdules  continue  to 
150  coarsest;  near  176. 
Sp.  17971     d    4.154 

17972  4.170 

17973  4.177 

17974  4.195 

(50?)       6.      Feldspathic  ophite  Kearsarge  hanging  (133) 

Amygdaloid    d  4.     200-207     (7) 
Trap  d  4.     207-333     (126) 
Sp.   17975  at  d  4.215 
17976  4.255 

♦     17977  4.292 

17978  4.319 

The  amygdaloid  is  largely  in  sludge,  brecciated  pink  and  black. 
Underneath  it,  from  212-214  the  trap  is  light  yellow-green,  epi- 
dotic,  then  coarser  to  about  267  to  300  then  finer  to  the  base.  At 
251  there  is  an  inclusion  of  a  hard  green  fine  grained  amygdaloid 
spot.  Toward  the  base  it  becomes  red  and  faintly  porphyritic. 
Beneath  it  the  next  209  feet  to  the  Kearsarge  is  disturbed  and 
amygdaloidal.  In  the  cross-cut  too  there  are  many  small  beds 
next  beneath. 
7.      Disturbed  belts 

Amygdaloid  d  4.     333-340 

Marked  red  and  white  brecciated  amygdaloid.     Sp.  17979  at 
d  4.     338 

Trap   to  356   chloritic,   to   364   with  signs   of  broken  feldspar 
crystals  like  the  Kearsarge  foot,  to  381  more  massive  and  felds- 
pathic, then  finer,  Sp.  17980  at  d  4.360 
17981  4.378 

Amygdaloid  d  4.     381-385? 
Trap,  sludge  and  fine  grained  trap  d  4.       -394 
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Amygdaloid  streak  in  the  sludge  d  4.     394-401 

Trap  d  4.     -410,  of  a  feldspathic  melaphyre  type,  broken  and 

sludge  (411) 

Amygdaloid  with  porphyritic  feldspar  ? — 415  with  prehnite  cal- 

cite,  etc.,  veined  and  broken-440,  epidote  and  ealcite  seam-441 
Trap  fine  grained  seamed  and  broken-448  mottled   ?  to  560, 

finer  with  some  amygdules  and  quartz  to  463. 

8.  Slide  or  ash  bed  d  4.     463-475 

This  appears  like  a  red  shale  with  wliite  flecks  though  the  ap- 
parent dips  are  not  at  right  angles  to  the  hole  but  (2  or  3:10) 
presumably  11°  to  17°  more.  At  the  bottom  it  seems  to  pass 
into  a  decayed  amygdaloid.  A  section  (Sp.  17982)  of  the  red 
white  flecked  rock  at  d  4.  471  feet  shows  clear  irregular  areas 
of  ealcite,  irregularly  interlocking,  with  no  unusual  signs  of  pres- 
sure twinning,  and  spreading  into  the  ground,  which  appears  to 
be  made  up  of  small  fragments  and  stained  with  iron  oxide. 
Farther  examination,  however,  .seems  to  show  that  it  is  made 
almost  wholly  of  epidote  with  a  very  little  quartz  and  that  not 
obviously  elastic.  All  the  material  is  highly  angular  and  none 
of  it  can  be  said  to  be  surely  sedimentary.  It  might  be  a  sedi- 
ment steamed,  full  of  bubbles,  later  filled  with  ealcite.  It  does 
not  look  like  a  fluccan. 

9.  Amygdaloidal  melaphyre  (17) 

Amygdaloid  d  4.     475-486  (11) 

Amygdaloid   has  white  amygdules   with  pink  borders  and  a 
nearly  black  ground 
Amygdaloidal  trap  d  4.     486-492 

10.  Amygdaloidal  melaphyre  (28) 

Amygdaloid  d  4.     492-508  (with  phenocrysts)  cold  gray         (16) 

Sp.  17983  at  d  4.     493 

Trap  d  4.     508-520  (reddish,  decomposed,  fine  grained,  feldspathic 

(12) 
Lens  shows  feldspar  laths  promiscuously 
Sp.  17984  at   d  4.     508 
Sp.  17985        d  4.     515 

11.  Amygdaloidal  melaphyre  (7) 

Amygdaloid  d  4.     520-526  (6) 

(pink  bordered  amygdules  as  above) 

Trap  d  4.     526-527  (1) 

56?        12.      Amygdaloidal  melaphyre  (15) 

Amygdaloid    d  4.     527-534 

Trap  d4.     534-542  (8) 

fine  grained 
59.         13.      Labradorite  ophite  1st  Kearsarge  amygdaloid  and  foot  (49) 

Amygdaloid    d  4.     542-545     (3) 

Trap  d4.     545-591      (46) 

Sp.  17986  at  d  4.     558 

Sp.  17987        d  4.     557 

Much  broken  to  556,  with  decomposed  phenocrysts  at  557-560; 

spotted  growing  coarser  at  579;  faintly  ophitic.     The  Kearsarge 

amygdaloid  lies  I  should  think  between  475  and  545.     In  some 

respects  that  from  492-508  correlates  most  closely. 
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(60).      14.      Porphyritic  ophite  (3  mm.)  2nd  Kearsarge  amygdaloid     (4G  +  20?) 
-Amygdaloid    d  4.     591-59G     (5) 
Trap  d4.     594--635+  (41)  +  (20?) 

Red  amygdaloid  to  594  then  greenish  to  596,  reddish  to  601, 
then  a  greenish  spot,  at  604  and  at  609  and  628  the  large  feldspar 
crystals  are  well  rnarked  10  mm.  long  and  over.  The  ophite  mot- 
tling is  perhaps  2-3  mm.  across  and  over  and  the  bed  is  very  much 
like  F.  J.  3.  307 
Sp.   17988  at  d  4.     604 

17989  d4.     608 

17990  d  4.     628 


Franklin  Junior  drill  hole  3.  T.  55  N.,  R.  34  W.  Dip  of  hole  48°.  The  dip  of 
the  beds  being  about  50°  also  the  correction  for  true  thickness  is  negligible,  being 
not  more  than  the  possible  veering  of  the  hole. 

1.      Overburden,  till,  i.  e.,  boulders  sand  etc.,  d  3.     0-110 
(57).       2.      Feldspathic  ophite  •  (38) 

Trap  d  3.     110-to  148 

Begins  coarse  faintly  ophitic  3  mm.  then  plainly  finer  with  pipe 
amygdaloid  from  147-148,  and  joints  at  10°  and  70°  angle  with 
the  core.     The  bottom  contact  is  at  65 J °  with  the  hole. 
Sp.  17947  is  at  144 
(58).       3.      Ophite  6  mm.  .  (84) 

Amygdaloid    d  3.     148-158     (10) 
Trap  d3.     158-232     (74) 

Marked  red  amygdaloid  to  150,  then  black  and  white  to  158, 
then  with  coarse  irregular  chlorite  and  calcite  down  to         (169) 

Sp.  17949  at  160  feet,  under  the  microscope  shows  amygdules 
filled    with    fibrous    coatings    of    chlorite,    and    chalcedony    in 
spherulitic  aggregates;  with  labradorite  laths;  augite  ophitic  but 
scanty,  about  3  mm.  in  diameter  and  abundant  olivine  pseudo-  . 
morphs,  changed  into  reddish  micaceous  matter  and  serpentine. 
There  are  no  signs  of  phenocrysts. 
Sp.  17948  is  at  149 
Sp.  17949      at  160 
Sp.  17950      at  189 

Sp.  17951  at  206  and  17852  at  217  respectively. 
4.      Kearsarge?     Amygdaloid?  (18) 

Amygdaloid    d  3.     232-238     (6) 
Trap  d  3.     238-250     (12) 

Amygdaloid  begins  red  with  numerous,  small,  white  amygdules 
to  234,  then  greenish  epidotic  with  large  white  amygdules  to  238, 
then  spotted,  decomposed  with  small  chloritic  specks  and  amyg- 
dules. 

,  Sp.  17953  at  250  feet  has  fairly  coarse  feldspar,  but  there  are 
no  signs  of  porphyritic  crystals. 
(59).       5.      Kearsarge  amygdaloid  and  foot.     Porphyritic  ophite 
Amygdaloid    d  3.     250-254     (4) 

Trap  d  3.     254-260     (6)  (10) 

Hard,  light  gray  amygdaloid  with  large  amygdules  of  quartz 
53 
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and  copper,  then  a  small  streak  of  fine  grained  melaphyre  with 
chloritic  spots  and  labradorite  phenocrysts. 
(GO).       G.  •  78 

Amygdaloid    d  3.     2G0-262     (2) 
Trap  d3.     262-338     (70) 

Amygdaloid  is  dark  maroon,  with  calcite  pink  bordered  amyg- 
dules,  passing  into  light  gray  with  large  amygdules,  and  feldspar 
forms,  often  not  fully  showing  quartz  crystals  in  the  cavities,  then 
reddish  fine  grained  with  feldspar  crystals  7  mm.  and  upward 
long.  At  285  much  seamed.  At  298  it  is  darker,  more  plainly 
ophitic  (5  mm.)  and  then  grows  finer. 

This  is  typical  Kearsarge  foot  trap  and  resembles  F.  J.  4  at 
608.  The  Kearsarge  amygdaloid  must  come  between  232  and 
260.  Which  band  or  whether  the  whole  should  be  taken  as  its 
representative  it  is  not  easy  to  say  exactly.  Then  the  others  may 
be  considered  mere  streaks. 

Sp.  17954  at  272  ft.  and  17955  at  307  feet  respectively,  may 
represent  it. 
(61).       7.  •        (26) 

Amygdaloid    d  3.     338-361     (13?) 
Trap  d  3.     361-374     (13) 

Fine  grained  amygdaloid  with  7  mm.  feldspar  crystals  at  first, 
then  much  broken  and  shattered  with  epidote  and  calcite-348; 
at  353  a  little  copper  in  a  hollow  epidotic  amygdaloid  wliich  goes 
to  356;  then  a  hard  gray  amygdaloid-358  and  the  amygdaloid 
begins  to  fade  out  but  has  some  well-marked  feldspars  20  mm. 
or  so  long.  At  368  there  is  1  mm.  ophitic  mottling  with  feldspars 
still. 

Sp.  17956  at  d  3.     345  is  figured  on  Plate  VII. 
(62).       8.      SlideU"soft  clay  sandstone"  374' 6 "-376     (U) 

9.      Wolverine  sandstone,  only  a  few  inches  at  376'  9"  (J; 
A  light  hard  sandstone 
Arcadian  64 
Sp.  17957  at  380 
(63).      10.      Ophite  3J  mm.  (74) 

Amygdaloid  ?  d  3.     377-380     (13) 
Trap  d3.     390-451     (61) 

Begins  chloritic  fine  grained,  not  properly  amygdaloid 
Trap  mottles      3  mm.,       3|  mm.,         2  mm. 


at                     404, 

410, 

442 

Sp.    17958  at  390 

17959       410 

17960       442 

phite  4  mm. 

Amygdaloid    d  3. 

451-455 

(4) 

Trap                d  3. 

455-535'  4" 

(80) 

(64).      11.      Ophite  4  mm.  (84) 


Amygdules  coarse  of  chlorite  and  calcite,  a  calcite  and  epidote 
seam  nearly  parallel,  mottles  3  mm.  and  4  mm.  at  470  and  490. 
Sp.    17961  at  467 

17962       524         This  is  the  specimen  examined  by  R.  T. 
Chamberlin  for  gas.'  with  the  following  results: 

iThe  Gases  in  Rocks,  1908,  pp.  20,  33  and  34. 
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Analysis         Analysis  6  Analysis  1  week 

No.  85       months  later      later,  after  wetting 

Hydrogen  sulphide  0.00  0.00 

Carbon  dioxide  1.31  1.33  0.52 

Carbon  monoxide  0.09  0.08  0.12 

Methane  0.09  0.03  0.00 

Hydrogen  2.34  0.43  0.12 

Nitrogen  0.05  0.05  0.02. 

Total  3.88  vols.        1.92  vols.  0.79  vols 

17963       534  feet  showing  contact 

12.  Sediment  d  3.     535-537 

There  is  one  foot  of  scoriaceous  conglomerate  with  a  dark 
maroon  basic  sediment,  making  an  angle  of  71°  with  the  drill  core. 
Sp.  17963  at  534  ?  shows  contact 

13.  Fluccan  at  37'  10".     Cf.  C.  &  H.  A  at  401  feet 
(65).      14.      Feldspathic  ophite  (7  mm.)  (200±) 

.Amygdaloid    d  3.     537-539 

Trap  d  3.     539-719-18? 

Base  below  base  of  Wolverine  about  360  ft. 

This  is  markedly  doleritic;  so  at  548,  565,  .574,  577,  583,  593-598 

Calumet  and  Hecla  d  A.     401-553  or  656 

At  567  is  epidotic,  at  571  there  is  a  calcite  seam.  Where  it  is 
"doleritic"  it  appears  to  have  coarse  amygdules  and  the  feldspar 
is  often  7  x  1  in  size,  and  the  chlorite  interstices  with  occasional 
spangles  of  copper  are  well  marked.  On  the  other  hand  the  augite 
is  also  often  clearly  recognizable. 

The  mottling  is         5-7  mm.,       7  mm.,  3  mm.,        2  mm. 

at  600-624,  652,  677-700,  700-719, 

Sp.   17964  at  567  shows  the  epidotic  phase 

17965  596     "  "     doleritic  phase 

17966  616     "  "     very  faintly  mottled  phase 

This  strikingly  resembles  the  Arcadian  bed  No.  68  Arc  d  2.  315- 
4644-  and  d  19.  43  to  139  which  is  217  feet  thick.  Calumet  and 
Hecla  d  A.  401-553  may  be  the  same,  and  in  the  Wolverine 
cross-cut  and  Old  Colony  section-  it  may  be  identified,  with  its 
base  between  300  and  400  feet  below  the  Wolverine.  Cf.  Central 
mine  Belt  70  and  the  big  bed  in  Manitou  7-5,  S.  This  is  either 
not  in  F.  J.  2  or  the  very  top  which  is  most  likely  on  Belt  9. 
Cf.  73. 

An  old  shaft  the  "Kearsarge"  shaft  about  450  ft.  N.  and 
1250  ft.  W.,  S.  E.  corner  of  Section  8,  T.  55  N.,  R.  33  W.  is  really 
about  3880  feet  across  the  strike  from  the  outcrop  of  the  Albany 
and  Boston  conglomerate.  From  a  vertical  shaft  77  feet  deep 
about  470  feet  above  Lake  Superior  drifts  were  run  582  N.  W, 
and  238  S.  E.  These  drifts  were,  then,  not  more  than  30  feet 
or  so  above  the  4th  level  cross-cut,  but  were  about  1550  feet 
away  along  the  strike.  They  were  not  accessible  when  I  visited 
them  but  N.  Martel  reported  that  to  the  N.  37°  (magnetic)  W. 
they  drove  100  feet  to  a  vein  on  which  is  an  inclined  shaft  mag- 
netic .strike  S.  37°  E.   dip  48°  or  so  (49-50°)  which  is  158  feet 
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deep.     They  drifted  on  this  vein  50  feet.     The  cross-cut  is    15 
feet  wide  and  struck  the  inchned  shaft  at  a  depth  of  100  feet. 

This  vein  extended  from  100  ft.  to  115  feet  N.  W.  Then  there 
are  three  or  four  little  lodes  especially  one  at  about  300  feet  some 
25  feet  wide 

(12) 
(77) 
To  the  S.  E.     113  ft.  from  shaft  12-foot  vein  taken  to  be  Kear- 
sarge  Amygdaloid  (86)  (9) 

It  is  pretty  certain  that  this  is  a  mistaken  identification,  but 
Hubbard  and  I  found  on  the  dump  some  Kearsarge  foot  trap  so 
I  think  it  was  reached  in  the  N.  W.  cross-cut,  the  Wolverine  sand- 
stone being  perhaps  absent  as  in  F.  J.  3  hole. 

125-153  Trap  (22) 

153-166  Vein  (10) 

166-237  Trap  (55) 

Near  by  are  outcrops  of  scoriaceous  conglomerate  and  felds- 
pathic  melaphyres.  Cf.  Beds  65  and  below,  and  as  near  as  one 
can  make  out  from  Martel's  records  the  shaft  is  in  a  very  heavy 
trap  which  might  be  (175)  feet  thick  or  more.  This  may  be 
Arcadian. bed  (65)  and  Franklin  Junior  bed  68.  It  would  agree 
in  character,  position  and  size.  Then  we  should  have: 
(66).  Melaphyre  (31) 

Amygdaloid  (8) 
Trap  (22) 
(67).     Amygdaloid  (10)  (65 -I- ) 

Trap  (55) 


Franklin  Junior  drill  hole  2.     Dip  42°.     About  at  right  angles  to  the  formation, 
continues  the  section  of  F.  J.  3  very  nearly. 
1.      Overburden  47  feet 
(66).        2.  (2  +  ) 

Trap  d  2.     47     (2) 

base  below  base  of  Wolverine  360? 

(67).        3.  .  (14) 

Amygdaloid  to  d  2.     254     (5) 

Red  and  white 

Trap  to  d  2.     263     (9) 
(68).       4.      Feldspathic  ophite  (5  mm.)  (117) 

Amygdaloid  to  d  2.     71     (8) 

Trap  to  d  2.     180     (109) 

Feldspathic,  faintly  ophitic 

At  82  epidote  seam,  at  117  doleritic  with  5  mm.  augite  mottles 

which  are  plainer  toward  the  bottom,  hardly  visible  at  the  center. 
(69).        5.      Feldspathic  ophite  (33) 

Amygdaloid  to  d  2.     190     (10) 

Decomposed,  chloritic 

Trap  to  d  2.     213     (23) 

At  209  faintly  mottled,  at  212  to  213  fine  grained,  dark  trap 

Cf.  Arcadian  70 
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(70).        6.      Feldspathic  ophite 

Amygdaloid    d  2.     218     (5)  (67)  ' 

Amygdaloid  like  the  Kearsarge  but  gradually  passing  into  trap 

and  pseudoamygdaloid  at  the  base  to  232. 

Trap  d  2.     270     (52) 

Mixed  with  amygdaloid  and  pseudoamygdaloid,  then  coarser 

and  ophitic,  from  250  growing  finer.     Cf.  Arcadian  71. 
(71).       7.      Amygdaloid  conglomerate     (5)  (5) 

d  2.     275     (5) 

Cf.  Arcadian  72  and  73 


Base  below  Wolverine?  (596) 

(72).       8.      Feldspathic  ophite  (.59) 

Amygdaloid  d  2.     286     (11) 

With  clasolite  seam  at  280 

Trap  d  2.     334     (48) 

Amygdaloidal,  coarse  feldspathic  to  308  ft.  then  ophitic  and  finer 

Cf.  Arcadian  73 
(73).       9.      Feldspathic,  doleritic,  ophite  8  mm.  (209) 

Amygdaloid  d  2.     343     (9) 

Red 

Trap  d  2.     544     (201) 

Often  doleritic,  at  407-417  dense  green  with  sparse  amygdules, 

an  inclusion?     Mottles  at  368  to  400  S  to  3  mm.,  at  473  6  mm., 

at  505  8  mm.,  at  522  4  mm.     Cf.  Arcadian  74  and  75. 
(74).      10.      Red  shale  and  conglomerate  d  2.     544-548     (4) 

Some  copper  in  the  shale.     Cf.  Arc.  76.  and  the  Old  Colony 

sandstone   966   to   980   feet  below  the  Wolverine,   respectively. 

One  bed  of  ophite  may  be  omitted  in  this  section. 

Base  below  base  of  Wolverine 


(861) 
(75).      11.      Feldspathic  ophite  .  (137) 

Amygdaloid    d  2.     552     (4) 
-    Trap  d2.     685+      (133  +  ) 

Faintly  amygdaloid   and   glomeroporphyritic  in   streaks   with 
epidote,  then  grows  coarse  feldspathic. 
Cf.  Arc.  77 


Franklin  Junior  drill  hole  1 

1.      Trapdl.     1-22     (22  +  ) 
(76).        2.      Melaphyre  (104) 

Amygdaloid  d  1.     22-30(8) 

with  copper,  veined 

Trapdl.     30-126(96) 

Feldspathic,  few  coarse  amygdules  to  45 

Cf.  Arcadian  78  or  80 
(77).       3.      Melaphyre  (117) 

Amygdaloid  d  1.     126-153  (27) 

Red  and  white  brecciated  and  somewhat  porphyritic  to  144, 

then  paler 

Trap  d  1.     153-243  (90) 


422  KEWEENAW    SERIES    OF    MICHIGAN. 

Brown  specks  of  altered  olivine  and  green  chlorite  are  abund- 
ant; it  is  full  of  chlorite  seams  at  75°  to  core  and  toward  the  base 
is  dense  and  dark  with  cojjper  on  a  chloritic  joint.     Cf.  Arcadian 
86. 
(78).       4.      Melaphyre  (93) 

Aiiiygdaloid  d  1.     243-272  (29) 

Marked  like  that  at  336-354  below 
Trap  d  1 .     272-336  (64) 

Glonieropor))hyritic  to  279  ft.,  then  coarser  but  feldspathic  and 
relatively  finer  grained,  like  the  Central  mine  beds  in  Holes  3,  6, 
5  and  Torch  Lake  Belt  7  and  thereabout. 
(79).       5.      Melaphyre  (113) 

Amygdaloid  d  1.     336-355  (19) 

Red  and  white  brecciated  and  porphyritic,  marked  green  at  the 
end. 
Trapdl.     355-449(94) 

This  is  like  3,  feldsjiathic  fine  grained  to  388,  then  toward  base 
very  dark  with  plain  specks  of  brown  altered  olivine,  not  ophitic, 
with  occasional  spots  or  bombs  of  pseudoamygdaloid. 
(80).       6.      Melaphyre  (15) 

Amygdaloid  d  1 .     449-455  (6) 
Green  epidotic,  then  red  gloraeroporphjaitic 
Trapdl.     455^64     (9) 
C81).       7.      Copper  bearing  amygdaloid  (43) 

d  1.     464-479     (15) 

Copper  quite  freely  disseminated;  looks  worth  developing 
Trap  d'l.     479-507     (28) 

The  brown  specks  of  altered  olivine  and  glomeroporphyritic 
character  (feldspathic  and  not  ophitic)  make  it  like  Torch  Lake 
hole  9,  Bed  5,  the  top  of  which  there  is  1486  feet  below  Con- 
glomerate 9,  and  may  be  Belt  7  here.  This  would  harmonize 
pretty  well,  with  calling  belt  (76)  d  2.  544-548  the  Old  Colony, 
because  the  distance  of  that  below^  the  Wolverine  is  about  100 
feet  short,  and  there  is  some  uncertainty  as  to  whether  F.  J.  Xo. 
2  does  immediately  continue  No.  1. 


Franklin  Junior  drill  hole  6  whose  location  I  do  not  exactly  know  was  about  at 
right  angles  to  the  formation. 

1 .      Overburden  (39) 

(27).       2.      Ophite  3  mm. 

Amygdaloid  F.  J.  d  6.     39-40 
Trap  90 

at  45,    54,  64,    76,    82  feet  the  mottles  are 

2,      1  to  4  in  bands,     3,      2,      1  mm. 
(28).       3.      Ophite  3  mm. 

Amygdaloid    d  6.     90-  94 
Trap  d  6.     94-136 

At  107  feet  the  mottles  are  3  mm.,  and  at  110  2  to  3  mm;  then  finer. 
(29).        4.      Brecciated  amygdaloid  or  conglomerate 
Amj^gdaloid  d  6.     136-154 

Dark  and  pink  and  brown,  at  150  epidotic, 
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5.      Ophite  4  mm. 

Trap  d  6.     154-284 

At  171  epidotic  and  to  this  point  spotted  with  amygdules,  230 
coarsest  3-4  mm. 
(30).       6.      Ophite  3  mm.  (68) 

Epidote  d  6.     284-288 
Fine  grained 
Trap  d  2.     288-352 
At  330  4  mm.  ophite 
(31).       7.      Ophite  4  mm.  (47) 

Amygdaloid  d  6.     352-361 
Trap  d  6.     361-399 

At  366  laumontite  skeins;  at  378  3  mm.  mottles;  at  395-398 
veined,  fine  grained.     There  is  evidently  some  disturbance,  and 
this  is  quite  probably  not  full  thickness. 
(32).        8.      Amygdaloid  conglomerate  (Calumet  and  Hecla?) 

Dark  reil  sandy  matrix  d  6.     399-431  (32) 

This  has  the  same  basic  facies  as  in  the  Franklin  Jmiior  and 
La  Salle  properties, — not  that  of  the  Calumet  and  Hecla  property. 
(33).        9.      Ophite  4  mm.  (91) 

Trap  d  6.     431-522 

at      449,    456,        464     feet  the  mottles  are 
1  to  2,       2,      3  to  4  mm.,  then  finer 
(34  & 

35).   10.      Ophite  5  mm.  (51) 

Amygdaloid  ?  d  6.     522-530  (124) 

(175) 
Bi'ecciated,  not  really  amygdaloid 
Trap  d  6.     530-697 

The  upper  part  is  red  and  full  of  laumontite  seams,  with  copper 
at  580  and  589  feet  in  an  epidotic  rock.  Here  is  possibly  a  sepa- 
rate flow. 

At  594,      612,      640  to  660,     673,      686  ft.  mottles  are 
2,  3,  4  ,  3,  1  mm. 

(36).      11.      Ophite  2  mm.  '  (43) 

Amygdaloid  d  6.     697-710 

Amygdaloid   brecciated   and   red   and   white  amygdaloid,    the 
trap  for  6  feet  has  large  specked  amygdules. 
Trap  d  6.     710-740 
At  706  there  are  1  to  2  mm.  mottles. 
(37).      12.      Amygdaloid  conglomerate 

d  6.     740-769+ ?  (29) 

With  red  sandy  matrix  and  down  to  787  brecciated  mixed  and 
of  doubtful  nature.     Calumet  amygdaloid 
(38).      13.      Amygdaloid  d  6.     769-787  (121) 

Brecciated  of  doubtful  nature 
Trap  d  6.     787-8S0 

At    806,  817,  822,      824  feet  the  mottles  are 

1  to  2,      1  to  3,      2  to  4,  4  mm. 

It  is  said  to  end  at  "hanging"  of  Osceola  amygdaloid  about  459 
below  base  of  Calumet  conglomerate. 
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Rhode  Island  drtU  hole  4-  About  XO  feet  from  tlie  Mineral  Range  R.  R.  and  500 
feet  from  the  Highway  crossing,  1000  feet  N.,  1970  E.  of  the  S.  W.  comer,  Sec.  4, 
T.  55  N.,  R.  33  W.,  527  (to  540)  above  Lake  Superior.  Dip  45°.  From  the  south 
quarter  post  according  to  a  map  by  M.  Dennis  is  187  feet  in  a  direction  across  the 
strike  to  No.  3  hole.  'I'hence  to  No.  2  is  157  feet,  thence  to  No.  1  is  249  feet,  thence 
to  strike  line  of  No.  4  is  488  feet,  but  No.  4  is  345  along  strike  line  to  N.  E.  Strike 
isN.  40°E.     Plate  IX. 

To  get  the  thickness,  measurements  along  hole  should  be  reduced  about  2%. 

1.      Overburden,  drift,  hardpan  and  boulder     (67) 
(46).        2,      Doleritic,  feldspathic  ophite  (83+) 

Trap  R.  I.  d  4.     67-149 

At  75  calcite  seam  nearly  parallel  to  hole.  Red  specks,  altered 
olivine  abundant,  doleritic  texture  common,  feldspar  5  mm.  long, 
chlorite  blotch  2-3  mm.,  augite  8x2  rmn.,  at  95  epidotic  with 
seams  of  prehnite  and  copper,  with  a  very  faint  mottling  about 
117. 
(47).        3.      Fluccan  and  red  sediment  d  4.     148'  10-150'-1  (2) 

Cf.  Sp.  17940  and  F.  J.  3.173  feet 
(47).        4.      Glomeroporphyritic  melaphyre  (18) 

Amygdaloid  d  4.     149-156     (7) 

Marked  red,  then  gray  and  white  with  large  coarse  amygdules. 
Trap  d  4.     156-167     (11) 
Glomeroporphyritic 
(47).       5.      Melaphyre,  glomeroporphyritic  (8) 

Amygdaloid  d  4.     167-168     (1) 
With  clasoUtic  matter;  then  gray  and  white 
Trap  d  4.     168-173     (5) 
Glomeroporphyrite  to  173 
Amygdaloid  d  4.     173-176-     (3) 

6.  Amygdaloid  conglomerate  (3) 

d  4.     176-179     (3) 

Clasolitic  matrix,  dip  18°  or  so  from  being  at  right  angles  to  core. 

7.  Melaphyre  16 

Amygdaloid    d  4.     179-181     (2) 
Trap  d4.     181-195     (14) 

Fine  grained. 

8.  Amygdaloidal  melaphyre  (11) 

Amygdaloid  ?  d  4.     195-201     (6) 

Much  ground  up 

Amygdaloid  d  4.     201-206     (5) 
(48).       9.      Amygdaloidal  conglomerate  (5) 

d4.     206-211      (5) 

With  much  sediment 

In  a  way  3,  4,  5,  6,  7,  8  and  9  form  one  strong  belt  of  amygda- 
loid conglomerate,  but  there  seems  to  be  a  chance  for  fault  repeti- 
tion. 
10.      Melaphyre,  glomeroporphyrite  (10) 

d  4.     211-221 

Trap 

Cf.  Beds  4  and  5 
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<48).      11.      Ainygtlaloidal  melaphyre  (6) 

Amygdaloidal  conglomerate  d  4.     221-225     (4) 
Trap  d4.     225-227     (2) 

Fine  grained 
12.      Amygdaloid  227-230     (3)  (13) 

Coarse  pink  and  white  amygdules,  with  prehnite  and  copper. 
Trap  d  4.     230-240     (10) 
Dense 
(49).      13.      Ophite  (22) 

Amygdaloid  R.  I.  d  4.     240-245     (5) 
Green  and  white,  becoming  darker 
Trap  d  4.     245-262     (17) 
2  mm.  mottles? 
(49).    •  14.      Feldspathic  ophite  3-4  mm.  (88) 

Amygdaloid  d  4.     262-266     (4) 
Greenish  gray  and  white  with  prehnite  and  copper 
Trap  d  4.     266-350     (84) 

The  mottling  is  faint  and  only  appears  about  307  feet 
Amygdaloid  spot  at  286,  288  etc. 
At  313,  334  feet  the  mottles  are  about 

3-4       &    2-3  mm. 
<50).      15.      Amygdaloid  conglomerate  (6) 

d  4.     3.50-356 
Well-marked 
(52).      16.      Amygdaloid  d  4.     356-366  •  (10)  (35) 

Gray  and  white,  poor  at  base,  but  a  well-marked,  red,  glomero- 
porphyrite  with  small  pink  feldspar  laths  1  mm.  across. 
Trap  d  4.     366-391     (25) 

At  372  yellow  with  epidote,  at  372.8  is  still  glomeroporphyritic 
then  rather  coarse;  at  373.3  clasoUtic  seam;  coarser  at  381-383; 
at  389  amygdaloid  spot  then  finer;  somewhat  amygdaloid. 
(53).      17.      Melaphyre  (l'^) 

Amygdaloid  R.  I.  d  4.     391-397     (6) 
Gray  and  white,  then  poor  chloritic 
Trap  d  4.     397-408     (11) 

Compact  with  a  2  mm.  mottling,  perhaps  due  to  the  feldspar. 
Basal  contact  marked. 
(.54).      18.      Melaphyre  (21) 

Amygdaloid  d  4.     408-413     (5) 

At  top  large  amygdules  with  prehnite,  quartz,  epidote  and  a 
trace  of  copper;  below  poor. 
Trap  d  4.     413^29     (16) 
SHghtly  mottled  (2  mm.)  at  421,  then  finer 
(55).      19.      Melaphyre  (8) 

Amygdaloid    d  4.     429-434     (5) 
Trap  d4.     434^37     (3) 

Chloritic 
(56).      20.  (24) 

Amygdaloid  d  4.     437-446     (9) 

Red  and  white,— ground  to  sludge  for  the  first  5  feet,  poor  below. 
Trap  d  4.     446-461      (15) 
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21.  (44?) 
Amygdaloid  d  4.     461-464     (3) 

Brecciated  red  at  top,  then  gray 
Trap  d  4.     464-505?     (41) 

Chloritic  with  amygdaloid  bands  or  bombs — not  flow  contacts — 
at  471  and  480,  fine  grained,  faintly  mottled  (at  494  2-3  mm.) 
but  specked. 

22.  (7) 
Amygdaloidal  melaphyre 

Amygdaloid  d  4.   1505-12     (7) 

Green  (epidotic?)  with  white  amygdules  like  a  bomb,  perhaps 
base  of  21. 

23.  Ainygdaloidal  conglomerate 

At  512  feet  a  few  inches 

24.  Amygdaloidal  melaphyre?  (2) 

d4.     512-514 

Gray  and  white,  lower  foot  poor 

25.  Sandstone  d  4.     514-516 

Gray,  epidotic,  with  copper,  dip  9°  to  14°  from  being  at  right 
angles  to  the  core.  If  this  correlates  with  R.  I.  7  at  148  ft.,  and 
746  feet  correlates  with  R.  I.  1  at  551,  (and  of  the  latter  I  am  the 
more  sure)  there  is  evidently  a  repetition  of  some  160  feet  there  or 
elision  here. 

26.  Amygdaloidal  melaphyre?  "  (6) 

d  4.     516  to  522 

Green  and  pink  amygdules  on  dark  ground  growing  dark  with 
white  pseudoamygdaloid  specks. 

27.  Amygdaloid  conglomerates?  (1'  8") 

d  4.     522-523'  8" 

With  gray  sandstone  cement  like  25 

From  512  to  535  is  very  likely  all  the  top  of  the  bed  below. 

28.  Trap  ?  d  4.     523.8"-535 

Fine  grained  with  dark,  chlorite  amygdules  and  red  clasolites 
to  527.5.     About  529  a  seam  of  mohawkite  (copper  arsenide)  2 
mm.  wide,  below  this  compact  with  chloritic  flecks. 
(58).      29.      Feldspathic  ophite  (5  mm.)  (76) 

Amygdaloid  d  4.     535-541     (6) 
Contact  22  °  away  from  right  angles  to  core 
Typical  gray  and  white  amygdaloid  with  copper 
Trap  d  4.     541-611     (70) 
Faintly  mottled  at  559,    576,    582,    589,    597,    612 

4,        5,        4,    3-4,    2-3, 
Epidote  spots  at  562  and  564. 
(59).      30.      Amygdaloidal  melaphyre  (17) 

Amygdaloid  d  4.     612-624     (12) 
Red  and  white,  then  gray  and  coarse 
Trap  d  4.     624-631     (6) 

Decomposed  and  amygdaloidal  throughout   with  green  amyg- 
dules at  the  base. 
31.      Amygdaloid  R.  I.  d:4.     631-634     (3)  (8) 

Marked 
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Trap  d  4.     634-639     (5) 

Fine  grained  fissured  with  calcite  and  dark  chloritic  contact 
marked. 
(60).     32.      Kearsarge  lode  No.  1  with  labradorite  ophite  (86) 

.       .\mygdaloid  d  4.     639-650     (11) 

Red  with  white  amygdules,  crystalhzed  quartz  and  calcite  and 
faint  signs  of  copper,  with  epidote  and  porphyrite  labradorite. 
Poor  from  644  down 
Trap  d  4.     650-725     (75) 

The  crystals  of  labradorite  are  marked  15-20  mm.  long  and  seem 
to  grow^  coarser;  about  668  the  mottling  begins  to  be  visible. 
At.  668,      678,     698,      706  feet  mottles  are 

3-5,      4-5,  4,  3  mm.  across  respectively 

At  719  it  is  distinctly  finer  and  at  the  bottom  it  is  very  dense, 
bringing  out  the  phenocrysts  beautifully,  and  there  seems  to  be 
a  pipe  amygdule. 
(61).     33.      Kearsarge  lode  No.  2  with  labradorite  ophite  (19) 

Amygdaloid  R.  I.  d  4.     725-735     (10) 

Brecciated,  almost  a  conglomerate  with  conspicuous  porphy- 
ritic  crystals  and  laimaontite. 
Trap  d  4.     735-746     (9) 

Big  20-22  mm.  phenocrysts  of  labradorite  and  1  mm.  ophitic 
mottles. 
(62).     34.      Wolverine  sandstone  No.  9  d  4.     746-752  (6) 

With  sediment,  slips,  copper,  prehnite  and  epidote 
Correlate  Caldwell  d  1.     281-288 
(63).      35.      Ophite  (57) 

Trap  d  4.     752-809+1     (57  +  ) 

Fine  grained  at  beginning  like  the  lower  part  of  a  flow;  some 
prehnite  and  copper  to  757.     No  porphyritic  crj'stals. 
At  766,      771,      784,      788,      796,      801-809 
2-3,      2-3,      2-3,  2   fine  grained 


Rhode  Island  dnll  hole  1.  390  feet  N.,  2270  feet  E.  of  S.  W^  cor.  Sec.  4,  T.  55  N. 
R.  33  W.  593  feet  across  the  strike  from  the  S.  quarter  post.  Elevation  515  above 
Lake  Superior.  It  is  about  500  feet  from  No.  4  on  the  side  of  a  10-foot  terrace  at 
the  head  of  a  ravine  to  the  S.  "W.  Dip  about  45°.  Correlations  with  Rhode  Island 
No.  4  will  be  made  by  subtracting  about  200  feet.  But  this  implies  a  very  con- 
siderable fault  (See  PI.  IX.)  between  4  and  1  since  from  1  to  the  line  of  strike  of  4 
is  488  feet,  the  elevation  is  not  very  different,  so  that  the  difference  should  be  about 
(488  X  sin  dip)  360  feet  or  so.  Thus,  the  difference  is  160  feet  less  than  might  be 
expected  corresponding  to  a  fault  with  a  horizontal  displacement  of  the  northeast 
side  to  the  north  of  about  215  feet. 

The  correlation  between  drill  holes  2  and  1  which  are  across  the  strike  from  each 
other  is  such  that  it  is  probable  that  the  fault  passes  between  2  and  1,  Hole  2  being 
on  the  same  side  of  the  fault  as  Hole  4.  Compare  also  the  note  on  Bed  25  of  Hole 
4.  This  would  determine  the  strike  of  the  fault  as  not  far  from  N.  26°  W.  Any 
reasonable  correlation  of  drill  holes  2  and  1  gives  much  too  steep  a  dip.  The  samples 
of  1  have  not  been  all  looked  over  by  Lane.     The  record  runs  as  follows: 


95 

to    142'  10" 

(48) 

to   146'  5" 

(6) 

to   148'  3" 
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1.  "Overburden 

2.  Trap 

3.  Epidote 
Sandstone 

Cf.  R.  I.  4  at  73  ft.,  and  also  R.  I.  4  at  514  ft. 

This  latter  correlation,  while  not  in  harmony  with  those  below, 
would  give  a  dip  fairly  in  harmony  with  that  from  4  to  2  as  though 
the  top  of  1  might  not  be  displaced  in  relation  to  R.  I.  4  at  514 
4.  (92) 

"Vein  and  trap  to  153'  2" 
"Epidote  153'  8" 
"Vein        156'  10" 
"Trap        177'    2" 
"Epidote  179' 

showing  very  pretty  samples  of  copper 
"Trap        187'  10" 


"Epidote  191'    3" 

"Trap        208'  3" 

"Trap        240'    1" 

5. 

"Vein  first 

"Mixed  vein  and  trap 
"Epidote;  a  little  copper 
"Trap 

254 

260'  6" 
266' 7" 
287'  10" 

(34) 

6. 

"Vein 
"Trap 

"Vein;  a  little  copper 

288'  3"  . 
304'  11" 
305'  11" 

(17) 

"Trap 

342'  6" 

(38) 

Cf.  R.  I.  4, 

(59). 

A  coarse  ophite 

541-611 

(60). 

7. 

"Vein  second  to  361' 8" 
"Trap            to  373'  8"  " 

(19) 
(12) 

(31) 

This  is  the  Kearsarge  foot,  with  large  porphyritic  labradorite 
(61).  "Vein  to  374'  8" 

"Trap  (5"  of  epidote  showing  copper)  383'  1 

"Trap  to  499' 6""    (125)  (157) 

The  sample  is  the  porphyritic  ophite,  the  Kearsarge  foot. 

From  465  to  478  is  a  marked  3  mm.  ophite.     Cf.  R.  I.  4.     706 

"Mixture  of  trap  and  vein" 

A  little  copper  to  532'  10" 

At  502  white  and  green,  and  laumontitic  to  507 

At  512  fine  grained 
8.  (39) 

Copper  bearing  amygdaloid  to  529-532 
(61)?  "Trap  to  550' 6"  " 

2  mm.  ophite  at  547 

"Trap  to  551" 
(62).        9.      Wolverine  sandstone?  No.  9 

"Conglomerate  showing  copper  551  to  551'  6"  "  (1) 

Cf.  R.  I.  4.746 
(63).      10.      "Trap -579 

"Trap  and  epidote  -580'  7" 

"Epidote  -584' 7" 

'Trap  -614' 8""     End  (63) 
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Rhode  Island  drill  hole  3.  110  feet  N.,  3280  feet  E.  of  S.  W.  corner  of  Sec.  4,  T. 
55  N.,  R.  33  W.  and  187  feet  across  strike  from  S.  Q.  P.  of  Sec.  4.  It  was  put  down 
at  an  angle  of  56°  to  the  N.  50°  W.,  through  90  feet  of  overburden  with  the  idea 
of  following  the  lode.  It  went  out  of  the  lode  but  kept  on  for  500  feet.  It  was 
probably  directed  too  steep,  not  allowing  for  the  fault  just  mentioned. 


Rhode  Island  drill  hole  2.  210  feet  N.,  2450  feet  E.  of  S.  ^N .  corner  of  Sec.  4,  T. 
55  N.,  R.  33  W.  157  feet  across  strike  from  3  and  344  feet  from  the  South  quarter 
post.  Elevation  about  521  above  Lake  Superior  (6  feet  higher  than  No.  1).  Dip 
45°  for  hole.  The  correlation  of  d  2.  157  and  d  4.  746  implies  for  the  strata  a 
dipof  52°50'. 

1.  Overburden  110 

2.  Ophite 

Trap  to  112.6 

(60).       3.      Kearsarge  amygdaloid  and  labradorite  ophite  (20) 

Amygdaloid  R.  I.  d  2.     111.6-117.5     (5) 
Trap  d  2.     117.5-131      (15) 

Broken,  but  with  characteristic  feldspar  crystals  an  inch  (25 
mm.)  long  on  a  fine  grained  ground.     This  does  not  seem  to  be 
Belt  62  in  full,  perhaps  cut  out  by  the  fault. 
(61).        4.      Kearsarge  amygdaloid  and  labradorite  ophite  (26) 

Amygdaloid  d  2.     131-136     (5) 
Red  and  green  epidotic 
Trap  d  2.     136-157     (21) 

Trap  and  coarse  amygdaloid  with  porphyritic  labradorite  an 
inch  long.  The  amygdules  have  heavy  chlorite  borders,  white 
centers. 

Matches  R.  I.  d  4.     72.5-746. 
(62).        5.      Wolverine  sandstone  No.  9  (6) 

Epidotic  conglomerate  d  2.     157    to  159 
Then  finer  cold  gray  to  160 

Good  conglomerate  core  to  163 

Matches  R.  I.  d  4.     746-752 
6.      Vein  or  fault?  (15) 

Broken  sludge  and  amygdaloid  vein  163  to  178  end. 

This  may  be  part  of  the  fault  separating  1  and  2  if  it  has  a 
strong  easterly  dip. 

If  R.  I.  d  4.  746=d  2.  157  then  as  4  is  6  feet  higher  and  at 
an  angle  of  45°  a  point  at  8  feet  down  in  R.  I.  4  will  be  at  the 
same  elevation  as  R.  I.  2  at  0,  and  a  point  at  R.  I.  d  4.  589  feet 
will  correspond  to  the  beginning  of  No.  2.  The  distance  at  right 
angles  to  the  general  strike  between  R.  I.  4  at  8  or  R.  I.  2  at  0 
would  be  731  feet  and  the  consequent  dip=tan-l  7?r"li  6=52°  50' 

This  is  quite  a  reasonable  dip.  Rhode  Island  No.  1  shaft  dips 
50°  16'.  No.  2  dips  49  °g,  and  the  dip  on  the  Kearsarge  con- 
glomerates in  the  long  cross-cut  is  52.5°. 

But  R.  I.  d  1  seems  to  have  the  Wolverine  at  551  feet,  and  is 
6  feet  lower,  and  is  but  249  feet  from  2.  Hence  a  point  in  No.  1 
at  8  feet  will  be  (249-8)  241  horizontally  from  No.  2  at  0  while  the 
corresponding  point  of  the  beds  to  No.  2  at  0  feet  will  be  in  No.  1 
at  394  feet,  and  that  would  be  nearly  under  it  but  actually  a  little 


430  KEWEENAW    SERIES    OF    MICHIGAN. 

S.  E.  about  12  feet.  ■  80  that  the  dip  would  be  steep  to  the  south- 
east. Such  a  dip  is  out  of  the  question  and  then  if  the  fault  did 
not  inoline  eastward  itself  No.  2  would  have  to  be  crossed  by  it 
were  it  not  for  the  110  feet  of  tlrift.  It  may  be  crossed  anyway 
at  117  to  126  feet. 

§12.     ARCADIAN   (FIGS.  41    AND  42.)i 

This  was  one  of  he  earliest  complete  sections  and  was  done  under 
the  direction  of  R.  C.  Pryor  for  the  Arcadian  Copper  Company, 
(A.  C.  Burrage,  Pres.).  The  locations  of  the  holes  have  not  in 
all  cases  been  i)iecisely  surveyed.  The  elevations  are  about  540' 
A.  L.  S.  in  T.  55  R.  33. 

They  are  approximately  as  follows: 

m   Point  Section 

S.  Q.  P.  18 

S.  Q.  P.  18 


19  At  2700  N.  W.  across  strike  from  No.  2  shaft 

20  1830         230  W.  S.  Q.  P.  19 
"21                                            1640         236  W. 

22 

4  N.  W.   end  of   8th  level  cross-cut    which  was  432'  in^ 

■  3  gjg_        u        u       u  a  „ 

30 
9  480  S.  E.  across     strike     from     Douglas 

shaft 

10  939  S.  E.  across    strike    from     Douglas 

shaft 

11  1210'  across    strike    from    Douglas 

shaft 

12  200' N.  E.  of  No.  11      1250'  across    strike    from    Douglas 

shaft 

13  200'  S.  E.  of  No.  11       1200'  across    strike    from    Douglas 

shaft 

14  1748  across    strike    from     Douglas 

shaft 

15  2038  across    strike     from    Douglas 

shaft 

16  2518  across    strike    from    Douglas 

shaft 


Above  Lake 

Elevation 

Feet  N. 

Feet 

Superior 

5 

513 

4130 

830  E 

6 

525 

3760 

700  E. 

8 

535 

2600 

420  AV. 

7 
1 
2 

522 

2360 

970  W. 

The  last  set  of  holes  from  9  to  the  end  were  located  by  a  set  of  coordinates  parallel 
to  the  strike  of  the  lode  at  the  Arcadian  N.  37 °  49'  E. (R.  C.  Pryor) 

'In  envelope.     This  is  earlier  drilling;  not  that  done  by  the  reorganized  company.     See  Ap- 
pendix, and  also  Plates  IX  and  X. 
2These  holes  are  shown  on  Fig.  42,  but  their  numbers  have  been  accidentally  omitted. 
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These  loeatious  were  derived  from  R.  C.  I'rvor  and  correspond 
to  the  section  in  Figure  42.  But  Supt.  Shields  says  he  thinks  7 
was  down  near  the  Albany  and  Boston  conglomerate  then  and  above 
8,  in  which  case  it  might  cut  the  Houghton  conglomerate.  He  also 
says  that  they  sank  on  the  "St.  Mary  epidote" — the  Mesnard  epi- 
dote  of  some  reports  (See  Vol.  I,  Pt.  II,  p.  85).  It  was  51  feet 
over  to  the  Albany  aud  Boston.  Avhich  was  72  feet  thick. 

Abstract  of  Arcadian  Cross-Section. 
Belt  Feet 

No. 
1.     First  bed,  Hole  5  (32)  + 

Base  of  first  bed  above  the  AUouez  15  (760) 

glomeroporpliyrites,  and  Tobin  porphyrites 
Base  of  Quinc\  Hanging  and  Tobin,  Hole  6,  35-57  (509) 

glomeroporphyrites 
Base  of  St.  Mary's  epidote  (80) 

19.     Allouez  conglomerate,  is  Albany  &  Boston,  is  Marvines  No.  15. 

Beginning  of  Ai-cadian  Hole  8  about  (820)  below  the  Allouez  base. 
38.         Base  of  Calumet  &  Hecla  conglomerate  (8.358)  about  1100  feet  below  the 
Allouez  base. 

Base  of  Osceola  hanging  about  1507  feet 

Four  hea\'y  ophites  between 

Base  of  Kearsarge-North  Star about  1942  feet 

42.     .    The  Kearsarge-North  Star  conglomerate  is  apparently  Marviue's  Nos. 

10,  11,  12. 

Hanging  of  Kearsarge  is  a  heavy  ophite  d  1.     262-385.     Above  is  quite 
amj-gdaloid. 

Base  of  hanging  of  Kearsarge  amygdaloid  (726  feet)  below  the  base  of  the 
Kearsarge. 

Kearsarge  foot  is  a  markedly  plagiophjTic  ophite  (109)  feet  thick. 
The  base  of  the  Wolverine  sandstone  is  (866)  feet  below  the  base  of  the 
Kearsarge.     (2835)  feet  below  the  Allouez  base. 

(2835) 

,  64.     The  Wolverine  sandstone  is  probably  Marvine's  No.  9 

Down  to  76  feldspathic  ophites   with  frequent   scoriaccous  amygdaloids 
and  a  tendency  to  glomeroporphyritic  texture,  much    better  developed  in 
the  Torch  Lake  and  Central  Mine  section. 
76.         Epidotized  copper  bearing  sandstone   (968)   feet  below  the  base  of  the 
Wolverine  sandstone. 

Arc  20  has  doleritic  and  inclusion  beds  down  to  45;  below  the  base  of  the 
W^olverine  sandstone.  (1650)  feet    . 

92.         Down  to  92  hanging  of  Arcadian  mainly  ophites;  below  the  base  of  the 
W^olverine  sandstone.  (2450)  feet 

Ophites  and  inclusion  beds 
106.       Conglomerate  8,  base  below  the  base  of  the  Wolverine  sandstone 

(3015)  feet 
below  the  Allouez  base  (5840)  feet 
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112.  Sediment  with  fine  ophite  above 

below  Conglomerate  8.  (227)  feet 

114.  Epidotic  sandstone,  Conglomerate  7? 

below  Conglomerate  8  (267)  feet 

117.  ? 

120-12.5.     Feldspathic  melaphyres;  and  amygdaloi(is  with  copper. 

126.  Conglomerate  6  ? 

below  Conglomerate  8  (815)  feet 

129.  Conglomerate  fault  repetition  of  above  ?  or  5? 

below  Conglomerate  8.  (955)  feet 

132.  Fine  grained  ophite 

134.  Scoriaceous  conglomerate 

below  Conglomerate  5.  (395)  feet 

136,  139,  141,  142,  144  all  are  ophites  with  scoriaceous  tops 

146.  end  of  section 

below  Conglomerate  5  (945) 

below  Conglomerate  8  '  (1900)  feet 

below  Conglomerate  9  (4915)  feet 

below  Conglomerate  15  the  AUouez  (7740)  feet 

Total  column  760  +  7740=8500 

These  drillings  were  examined  by  Mr.  K.  C.  Pryor,  E.  M.,  the 
engineer  at  the  time,  and  a  record  made  and  a  cross-section  con- 
structed. I  was  alsio  permitted  to  examine  both  the  cores  and  Mr. 
Pryor's  notes  on  the  same,  throngli  the  kindness  of  Mr.  A.  C  Bnr- 
rage,  which  gentlemen  with  Mr.  R.  H.  Shields,  the  Agent,  and  Mr. 
Edward  Shields  I  am  glad  to  thank  for  favors  and  assistance. 

Mr.  Pr^or,  of  course,  examined  them  with  i)articular  regard  to 
the  different  amygdaloids  and  the  occurrence  of  copper.  I  naturally 
supplemented  his  work  by  paying  more  especial  attention  to  the  dif- 
ferent belts  of  trap,  their  petrographic  character  and  grain,  and 
have  tried  to  separate  the  column  into  the  different  lava  flows. 
As,  however,  it  is  not  possible  to  determine  in  the  boxes  which 
have  been  rehandled  the  exact  depth  at  Avhich  a  given  drill  core 
came  I  have  often  used  Pryor's  figures  in  cases  in  which  I  was 
sure  that  we  were  referring  to  practically  the  same  belt.  Other- 
wise there  may  be  two  or  three  feet  difference,  probably  sometimes 
to  be  accounted  for  by  the  fact  that  the  bottom  of  the  flow  is  often 
slightly  amygdaloidal  for  two  or  three  feet  or  more.  In  such  cases 
Pryor  would  naturally  take  the  top  of  the  amygdaloid  two  or  three 
feet  higher  than  the  top  of  the  flow  so  that  by  taking  his  figures 
in  such  case  I  make  an  eriior  of  a  couple  of  feet  perhaps.  However, 
when  we  consider  possible  errore  in  the  couree  of  the  drill  hole, 
and  the  dip  of  the  lodes,  this  becomes  an  inappreciable  error.  I 
do  not  repeat  here  all  Pryor's  notes  on  the  amygdaloids,  or  the 
occurrence  of  ciopper. 
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111  The  tii-st  place  I  give  the  name  of  tlie  How.  ilic  interval  for 
each  drill  hole  that  I  assigu  to  the  floAV.  usually  coiisistiiig  of  a 
certain  amount  of  amygdaloid  and  a  certain  amount  of  trap,  pre- 
ceded by  Arc.  and  the  number  of  the  drill  hole,  thus.  Arc.  5,  1-8. 
Next  follows  in  parenthesis  the  thickness  of  the  flow  as  computed 
and  often  the  total  distance  from  certain  planes  of  references,  the 
base  of  Conglomerate  15,  the  Allouez  or  Albany  and  Boston  being 
the  most  important  one.  Next  follows  further  notes,  comparisons 
and  descriptions. 

The  drill  holes  run  in  order,  taken  from  northwest  to  south- 
east as  follows:  5,  0,  S.  7.  1.  2.  19.  20.  21,  22,  1,  3.  0,  10.  11.  12,  13, 
14,  15,  16. 

No.  5  was  startetl  about  900  feet  horizontally  across  the  fonna- 
tion  from  the  foot  of  the  St.  Mary*s  epidote  lode.  (950  feet  on  a 
line  making  with  the  Albany  and  Boston  conglomerate's  strike  an 
angle  of  ST"  20'. )  It  is  only  1,000  feet  from  :Marvine  XV.^  There 
was  8  feet  lof  stand  pipe  to  bed  rock. 

1.  Melaphyre  porphjTite. 

Arc.  5.  8-40  (32) 
Light  gray  porphyritic  feldspar,  dark  green  dots  of  delessite  1  to  2 
mm.,  brown  matrix.  This  is  probably  not  the  typical  olivinitic  augite 
porphyrite  with  idiomorphic  augite,  like  the  ashbeds  proper,  but  the 
intermediate  t\pe  like  Marvine's  Eagle  River  Section  bed  No.  87.  This 
is  of  the  same  type  as  the  226  feet  of  melaphyre  reported  by  Marvine 
740  feet  above  the  top  of  the  Albany  and  Boston  Conglomerate  15,  on 
the  St.  Mary's  property  Section  XV. 
Base  above  the  Albany  and  Boston  Conglomerate  15.  about^  (760) 

2.  Melaphyre  porphyrite. 

Arc.  5,  40-48     (8)  ■  (8) 

With  two  feet  of  dense  massive  epidotic  amygdaloid  at  top.  base  un- 
certain.    Cf.  Marvine's  4  amygdaloid  14  melaphyre. 

3.  Melaphyre  porphyrite. 

Arc.  5,  48-52  Amj  gdaloid  (40) 

52  to  89  trap 
Conspicuously  glomeroporphjTitic,,  with  occasional  larger  phenocrysts. 

4.  MelaphjTe  porphyrite. 

Arc.  5,  89-93  Amygdaloid 

93-132  trap  (42) 

Base   above   the   Albanj    and  Boston   conglomerate   probably  more 
than  (670) 

Amygdaloid   of   calcite   chlorite   and  epidote   extending   down   below 
the  fine  grained  amygdaloid  at  the  top. 


iReferences  to  Marvine  or  to  his  section  in  Vol.  I  of  the  Reports  of  the  Michigan  Geological 
Survey.  Part  II,  Chapter  V. 

2.^t  an  angle  of  50°,-^more  if  the  dip  angle  is  steeper;  at  52°  .3/4  791. 

55- 
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5.  Melaphyre  glomeroporphyrite,  several  flows? 

Arc.  5,  132-178  (46) 

Amygdaloid  at  the  beginning  and  at  144,  153,  and  161  feet.  Rarely 
there  are  large  feldspar  phenocrjsts,  but  the  flow  is  generally  glomero- 
porphyritic,  at  172  is  a  light  green  streak.  Calcite,  laumontite  and 
epidote  occur  in  the  amygdaloid. 

6.  Melaphj^re  glomeroporphyrite. 

Arc.  5,  178-1  <;()  (12) 

7.  Melaphyre  glomeroporphyrite,  two  fiows?  or  slip. 

Arc.  5,  lSO-200  amygdaloid 

200-260  trap  (60-) 

Finer  grained  at  215  to  227.  and  veined  at  232  feet.  Glomeropor- 
phyrite, with  larger  phenocrysts  of  feldsjjar  also.  Arc.  5,  232-242  is  like 
the  trap  of  the  Franklin  dump  anil  the  beds  at  the  top  of  the  drill  hole 
VI  Isle  Royale,  which  are  sui)posed  to  be  between  300  and  400  feet  above 
No.  15.  Cf.  Tamarack  5b  33=T  4b  .27  and  the  glomeroporphy rites 
beneath  it  down  to  T  5b  48.  At  Arc.  5,  215-227  it  appears  finer;  at  232 
much  veined. 

8.  Melaphyre  porphyrite. 

Arc.  5,   166-280  amygdaloid  (14) 

Coarse  feldspathic  about  272. 

9.  Melaphyre  porphyrite. 

Arc.  5,  280-300  amygdaloid 

300-320  trap'  (40) 

Above  the  base  of  the  Albany  and  Boston  Conglomerate  15  about  (530) 

10.     Melaphyre  glomeroporphyrite. 

Arc.  5,  320  to  324  Amygdaloid  (21?) 

-324-341 
Arc.  6,  between  35  and  57 

This  is  not  a  very  well  marked  bed  and  may  be  merely  a  gush  of  the 
large  lower  flow  beneath  it.  Cf.  the  beds  11  (cupriferous  bed)  feet  thick 
25  and  9  feet  thick  of  Marvine's  XV,  which  in  Denton's  section  at  the 
Peninsula  are  15.8,  3.9  and  19.7  feet  respectively,  their  top  being  512 
feet,  respectively  378.9  feet  above  the  Albany  and  Boston.  The  bound- 
aries of  the  beds  above  are  also  very  uncertain  and  agree  neither  in  this 
section,  nor  in  the  Peninsula  (Franklin  Junior)  nor  the  old  St.  Mary's. 
I  give  them  comparatively,  giving  from  the  lower  beds  up,  from  left  to 
right. 


Arcadian, 

-  ~--.     _, 

Lane 

21? 

40  +  14         "i- 

60? 

12     46 

42 

40 

8     32 

Arcadian, 

'  *™ 

Pryor,  i 
St.  Mary, 

12  4- 

12T  20A  19T 

46A  27T  lOA 

40T  ISA 

37T  4A 

37T  4A 

6T  32 

Marvine 

25M,  9A 

78M 

lOA  42M  6A 

65T  4A 

IIT  4A 

14T  4A 

226 

Peninsula, 

Denton 

3,  9,  19,7 

71,  2 

74A  46.ST  4.3 

57.211.8 

32T  4.3 

4.9  43 

IS,  51.8, 

21.5 

Though  we  cannot  satisfactorily  correlate  the  individual  lava  flows, 
we  can  correlate  the  grovip  as  a  whole,  none  of  them  very  thick,  all  felds- 
pathic, not  ophitic,  glomeroporphyritic  and  probably  with  irregular 
streaks  of  amygdaloid  in  them.  Marvine's  XV  shows  that  they  occur 
beneath  a  heavy  bed  of  coarse  graineil  melaphyre,  which  corresponds 
to  sheet  20  of  Tamarack  5.     1452  to  1834  or  to  sheet  21.  Tamarack  5 
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1834  to  2011,  and  that  we  then  have  a  set  of  smaller  but  similar  flows 
(Tamarack  22  and  26)  the  boundaries  of  which  are  liard  to  detemiine. 
11.     Melaphyre  glomeroporphyritic  ophite,  Quincy  foot. 

Arc.  5,  341  to  350  Amj^gdaloid  -472  Trap  (130) 

Arc.  6  57  and  less         -152  T=(100  +  ) 

This  correlation  of  472  and  152  which  is  reasonably  certain  seems  to 
imply  a  dip  of  58°  (or  a  fault  or  a  different  strike)  instead  of  50°  as  taken 
in  the  section.  Marvine's  gives  and  uses  52 °|  for  St.  Mary's.  The  dif- 
ference in  reduction  factor  is  that  for  50°  it  would  be  .996;  for  52  °f,  991; 
for  58°  .974,  not  oyer  2%  in  reducing  the  thicknesses  on  the  drill  holes, 
but  in  comparing  with  horizontal  thickness  the  factors  would  be  .766, 
.796  and  .848  respectively,  or  very  considerable.  Thus  the  distance  of 
the  base  of  this  flow  above  the  Albany  and  Boston  conglomerate  base 
may  be  scaled  all  the  way  from  410  to  330,  with  a  presumption  that  at 
an  angle  of  52  °f  it  is  not  far  from  370  or  in  accord  with  the  above  figures 
above  the  Albany  +  Boston  conglomerate  (379) 

I  take  it  that  this  includes  the  32-feet  melaphyre,  81 -feet  melaphyre  and 
11-feet  amygdaloid, — "Supposed  Pewabic  cupriferous  bed"- — of  Mar- 
vine's  cross-section  XV  (124)  feet  thick,  the  base  of  which  Marvine 
makes  above  the  Albany  and  Boston  (354)  ft. 


In  the  70  fathom  cross-cut  of  the  Pewabic  it  was  (318)  feet 

This  thick  glomeroporphyrite  has  as  usual  in  such  flows  an  accumula- 
tion of  augite  and  faint  ophitic  texture  low  down,  e.  g.,  Arc.  5,  412  and 
Arc.  6,  131,  145.  The  base,  which  is  the  Old  Pewabic  amygdaloid,  may 
be  marked  by  a  little  sediment.  There  are  about  four  flows  between  it 
and  the  Albany  and  Boston. 
12.  Melaphyre,  glomeroporphyritic  ophite,  Old  Pewabic  and  its  foot. 
Arc.  5,  472-490  Amygdaloid 

Arc.  6,  152-168  Amygdaloid,  T.  -256,  104  or  (101) 

There  is  possibly  a  little  sediment  at  152  feet.  There  are  occasional 
larger  porphyritic  feldspar  crystals.  Cf.  sheet  27  of  Tam.  5,  and  T.  4b  41, 
and  the  Franklin  dump.  There  is  an  epidote  vein  crossing  it  at  160-168 
carrying  quartz  and  copper  and  probably  this  is  responsible  for  some 
discrepancy  in  description.  For  instance,  while  in  Marvine's  Section 
XV  from  the  Pewabic  Mining  Company  1865,  we  have  (29  feet  amygda- 
loid, 69  melaphyre)  98  feet  thick,  in  the  Quincy  adit  we  have  a  belt  from 
1491  to  1620  (129)  feet  thick  with  some  47  feet  of  amygdaloid  and  slips 
and  a  vein  dipping  47  °  to  N.  W.  above. 

In  Marvine's  St.  Mary's  section  XV  we  may  assign  9,  10,  and  12  feet 
amygdaloid  and  90  feet  of  melaphyre  to  this  belt  (121)  which  agrees 
with  the  Quincy  rather  than  this  section.  Bottom  above  the  base  of 
Conglomerate  15.  278 


13.     Ophite. 

Arc.  5,  256-285  (29) 

It  is  epidotic  and  fine  grained  to  261,  then  ophitic,  mottles  of  1  to  2 
mm.  to  278,  at  the  base  a  fine  grained  black  trap. 

In  Marvine's  XV  we  may  assign  6  feet  amj^gdaloid  and  29  melaphyre 
to  this  bed  (35  feet).  According  to  his  text  this  is  just  above  the  "Al- 
bany and  Boston  Amygdaloid,"  but  according  to  the  Atlas  it  is  just  be- 
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low.     Marvine  says  the  bed  above  marks  the  lower  limit  of  the  coarse 

grained  crystalline  melaphyres  (p.  85). 

Cf.  T3b41. 

Above  the  base  of  the  Albany  and  Boston  (249) 


14.  P'eldspathic  ophite.  (70) 

Arc.  6,  285-306  + 
Base  above  the  base  of  the  Albany  and  Boston  say  (105)  feet 

Here  the  Arcadian  section  fails  a  short  distance.     We  may  complete 
it  from  Marvine.     To  this  bed  we  may  assign 
7  feet  amygdaloid  ''Albany  and  Boston" 
31  feet  melaphyre 
20  feet  melaphyre 

58 

But  from  Pryor's  section  there  is  not  less  than  120  feet  to  the  epidote 
on  St.  Mary's  lode,  and  with  the  steeper  dips  than  50°  it  would  be  more. 
The  Pewabic  cross-cut  XV  d  gives  16  "green  Amygdaloid"  +  80  +  8 
Albany  and  Boston  +  41=145  for  Belts  13  and  14. 

15.  Feldspathic  ophite  probably  (65) 

To  this  bed  we  assign  10  Amygdaloid  +  (17  +  38)  Melaphjre  in  XV,  8  + 
41  in  XV  d 
16      St.  Marj^'s  Epidote  lode.     Indurated  epidotized  Ash.     "Jasper"  or  sand- 
stone. 

By  Pryor's  section  14  feet  (5) 

By  Denton's  section  of  the  Peninsula  (Franklin  Junior)  there  is  15.8 
amygdaloid,  +  3.9  trap  +  3.9  indurated  sandstone.  Probably  the  same 
as  T.  1,  460.  In  Marvine's  XV  (probably  overlooked  in  XVa)  described 
as  of  bro^\^l  and  green  compact  matrix  with  amygdules  of  calcite,  deles- 
site,  green  earth  and  quartz  often  very  siliceous  with  some  copper.  In 
XVd  included  in  23  feet  amygdaloid  correlated  with  the  "epidote" 
amygdaloid. 

In  XVe  presumably  in  a  6-foot  amygdaloid  "light  green  and  brown 
with  hard  conchoidal  fracture,  verj'  siliceous"  below  a  72-foot  bed  of 
trap.     Base  above  the  base  of  the  Albany  and  Boston  about  (90) 

Hubbard  .says  that  this  belt  is  in.  the  Peninsula  110  feet  west  (67.7) 
feet  above,  the  Albany  and  Boston,  (29.1)  feet  thick  or  (96.8)  feet. 

In  the  Quincy  mine  map  it  is  called  the  ^lesnard  epidote  and  is  only 
60  feet  horizontally  from  the  conglomerate.     In  the  adit  it  did  not  ap- 
pear at  all,  was  perhaps  also  wiped  out  by  the  slide. 
Cf.  Isle  Royale  VI  81-91 

END  OF  ASHBED  GROUP.       BEGINXIXG  OF  CENTR.\L  GROUP. 

17.  Small  ophite  ?'about  (10) 

In  Marvine's  XV,  overlooked;  in  XVa,  the  amygdaloid  melaph>Te  and 
covered  gap  directly  beneath  the  "epidote  lode." 

18.  Small  ophite  ?  all  that  is  left  of  the  greenstone. 

Cf.  in  Marvine's  XV  the  40  feet  of  melaphyre  just  above  the  Albany 
and  Boston  conglomerate. 
Thickness  about  '  (42) 

19.  Albany  and  Boston  or  Allouez  conglomerate.  No.  15 

By  Pryor's  section  (38) 
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At  the  Franklin  Junior  or  Peninsula  (Denton  and  Hubbard)  (23.6  + 
5.5  fluccan=29.1) 

In  the  Fewabic  mine  (32) 

In  the  Quincy  adits  its  place  is  taken  by  a  slide. 

The  base  of  this  conglomerate  is  a  great  reference  plane.  The  strike  Prj^or 
found  to  vary  2°  40'  from  that  of  the  Arcadian  lode.  Some  950  feet 
horizontally  below  the  Albany  and  Boston  is  not  shown  in  the  Ar- 
cadian section,!  but  may  be  filled  in  by  the  section  at  the  (Peninsula) 
Franklin  Junior  mine  (Fig.  40)  (or  one  of  the  Quincy  adits  which  is,  how- 
ever, farther  away  and  quite  different),  and  by  the  old  St.  Mary's  section 
given  by  Marvine. 

20.  Melaphyre,  feldspathic  ophite. 

Franklin  Junior  Amygdaloid    (31)  in  XV  (40) 

ophite  (50)  in  XV  (63)  (81) 

(81)  103 

21.  Ophite,  feldspathic? 

Franklin  Junior  Amygdaloid    (13)  in  XV      (9) 

ophite  (16)  in  XV    (31)  (29) 

29  40 

22.  Ophite 

Amygdaloid    (13)  in  X.Y;    (8)  "Ragged  Amygdaloid"  of  XVa 
Ophite  (30)  (15  +  )  "dark  green  speckled  with  red,  hard" 

Altered  epi-    (14) 

dotic  seam 

Ophite  (83)  (at  27  feet  from  foot  2  to  4  in.  calcite  vein).        (140) 

23.  Ophite. 

Amygdaloid      (5)  •  (41) 

Ophite?  (36) 


24.     Ophite 

Amygdaloid      5 
Ophite  46 


51 


Below  the  base  of  the  Albany  and  Boston  in  the  Franklin  Junior.     342 
Houghton  conglomerate  No.  14 

Franklin  Junior  5.456-524  (51) 

Quincy  958-978?         (15) 

In  the  Franklin  Junior  this  was  divided  into  three  parts, — above  38.5 
feet  of  porphyry  conglomerate,  then  a  foot  of  sandstone,  dip  49.5°,  then 
some  28  feet  of  basic  conglomerate.  Whereas  in  the  Quincy  adit  the  bed 
supposed  to  correspond  has  on  top  2  feet  of  clay,  perhaps  a  fluccan, 
dipping  about  57°,  then  about  18  feet  of  felsite  conglomerate  dipping 
59°  to  60°.  This  change  in  four  or  five  miles  is  worth  noting  for  around 
Calumet,  the  Houghton  conglomerate  is  supposed  to  be  entirely  absent. 
Are  not  slide  faults  responsible  for  confusion?  Base  below  the  base  of 
the  Albany  and  Boston  (Cf.  15)  at  Franklin  Junior  (393)  or  according 

to  Hubbard  .  (389) 


iBiit  note  what  is  reported  from  .shitlds  above. 
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Slide  (at  1583)  at  Quincy?  (475) 

Marvine's  XIV  and  XVb  400  feet  horizontally  or  (380) 

26.  Ophite,  amygdaloid  represented  by  some  of  the  scoriaceous  stuff  above? 

Trap        60  '  (60) 

27.  Ophite 

Amygdaloid,  brecciated  with  calcite  and  epidote  (12) 

Trap  '  (73)  (85) 

28.  Ophite 

Amygdaloid  (4) ' 

Amygdaloid  melaphyre    (9) 

Amygdaloid  (13) 

Ophite  (41)  J  (67) 


one  bed? 


In  the  Franklin  Junior  a  steep  slide  striking  northeast  and  southwest 
and  dipping  southeast  might  involve  faulting. 

29.  Ophite 

Amygdaloid    (32) 

Ophite  (58)  (90) 

30.  Ophite 

Amygdaloid    (32) 

Trap  (60)  (92) 

31.  Ophite 

Brecciated  amygdaloid     (7) 

Trap  (30)  (37) 


Below  the  base  of  the  Conglomerate  15  (820) 

Somewhere  near  here,  depending  on  the  exact  dip,  Arc.  8,  which  is 
about  970  feet  horfzontally  from  the  Albany  and  Boston,  begins  its 
record. 
32.     Ophite 

Amygdaloid    (21) 

Trap  (5) '  (26) 


(26) 

33.  Ophite 

Amygdaloid    (16) 

Ophite  ■     (5)  (21) 

34.  Basic  conglomerate? 

Above  and  below  the  amygdaloids  are  so  heavy  that  for  some  71  feet 
amygdaloids  are  dominant,  and  this  heaA'y  band  of  amygdaloids  is  about 
186  feet  above  the  conglomerate  supposed  to  be  the  Calumet.  Cf. 
Tamarack  5,  flow  46. 

35.  Ophite 

Amygdaloid  with  possibly  a  t.hin  layer  of  basic  conglomerate  (20) 

Trap  "  (66)       (86) 

Arc.   8,  68-133 
7,  27-50 

36.  Ophite  \-  ' 

Amygdaloid      4 
Ophite  48 
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Coarse  altered  cupriferous  seam  2 

Ophite  15  (69) 

Arc.  8.    133-261?,  128 
Arc.  7,    50-210,  160 

37.  Ophite 

Amygdaloid      5 

Ophite  42  (47) 

Arc.   8,  261-310+1 
Arc.  7,  212-222  + 

38.  Conglomerate  (No.  13) 

Capped  by  4  inches  of  fluccan,  brecciated  and  seamed  with  calcite 
from  about  14  feet  in  Franklin  Junior,  largely  of  sandstone  changing  in 
five  feet  to  a  more  basic  and  scoriaceous  character,  terminating  in  a  six 
inch  seam  of  sandstone.     This  resembles  the  bed  in  Arc.  8,  290-406.  (36) 
Under  this,  at  the  Franklin  Junior  were: 

33.  Porphyrite,  feldspathic  melaphyrc  (92) 

34.  Porphyrite,  amygdaloid,  with  clay  cavities'  (42) 

35.  Ophite  2.  (113  to  123  at  Calumet,  103  at  the  Centennial) 

seam  dipping  56°  to  the  west  with  seams  dipping  45°  to 
east  and  southeast  (103) 

36.  Ophite  (57) 

37.  Ophite  3  (19) 

38.  Ophite"  .(138) 

113  to  123  at  Calumet,  103  at  the  Centennial. 

Thickness  from  base  of  Calumet  to  top  of  Osceola  at  the 
Franklin  Junior  (451) 


Total  thickness  below  Conglomerate  15  (1105) 

Hubbard,  p.  140,  gives  (1108) 

Below  Conglomerate  14  (719) 

Then  Ophite  (15)  +  (83)=89  in  the  Franklin  Junior  cross-cut,  1.35  in  the 
shaft  at  Calumet 

=Arc.  8,  406  to  491     85 

=Arc.  7,  319-395     76 
Ophite  (5) +(59)  =(64),   (seamed)  in  the  FrankKn  Junior  cross- 

cut ?  at  Calumet,  112.7 

=        55  or  more  in  the  shaft 

=  Arc.  8,  491-637 

=  Arc.  7,  395-523 
Ophite  (4) +  (121)  =(125) 

=  Arc.  8,  637  + 

=  Arc.  7,  523  + 
Ophite  (8) +(84)  =(92) 


To  Kearsarge  or*  North  364 

Star  eg.  12-10  45     Capped  by  16  inches  of  fluccan 

409 


1109  to  99  at  Calumet.  115  at  tlie  Centennial. 

2ThPse  three  next  flows  appear  quite  different  at  Calumet  (.see  notes  on  Centennial  cro^s-eut) 

^Calumet  amvsdaloid  near  lu^re. 

^Hanging  of  Osceola? 


440  KEWEENAW    SERIES    OF    MICHIGAN. 

According  to  the  above  correlations,  Holes  7  and  8  reach  the  bed  above 
the  Kearsarge  conglomerate, — according  to  Pryor's  section,  there  is 
about  227  feet  between  the  base  of  Hole  7  and  the  top  of  the  Kearsarge 
North  Star,  and  the  whole  belt  from  the  Calumet  to  the  Osceola  is  rep- 
resented by  the  disturbed  l)elt  from  Arc.  S,  310-406  and  Arc.  7,  222-319. 

The  970  feet  horizontally  below  the  Albany  and  Boston  is  equivalent 
to  from  (735  at  48°  to)  (762  at  52?°  or)  (830  at  59°)  and  the  1608  feet 
to  the  base  of  the  Calumet  and  Hecia  bring  it  at  from  (383)  to  (336)  or 
(278  feet)  respectively  in  Arc.  8. 

From  the  conglomerate  Prj-or  crossed  in  his  run,  it  is  2470  feet,  (Cf. 
2581  feet  at  the  Franklin  Junior)  which  will  be  from  1750  to  1950  or 
2100  feet  of  thickness  according  to  the  dip  chosen.  It  is  practically  the 
same,  allowing  for  a  greater  dip,  as  at  the  I*>anklin  Junior  two  miles 
away  (1971). 

According  to  the  figures  here  given  it  is: 

From  base  of  Albany  and  Boston  to  base  of  Calumet  and 
Hecla,  (1108)  ft. 

From  base  of  Calumet  ami  Hecla  to  base  of  Kearsarge,  (842) 

Total 1950 

Arcadian  Holes  8  and  7,  though  planned  to  .show  different  strata, 
appear  to  show  nearly  a  repetition.     Cf. 
Arc.  7  222         319         395         520  with 

Arc.  8  290        406        491         637 

68  87         104         117 

Pryor  however  thinks  the  correlation  should  be  Arc.  7.50-212  with 
Arc.  8.491-637,  which  is  possible  as  they  are  both  well  developed  ophites 
about  150  feet  thick.  The  disturbed  belt  would  then  not  be  the  same 
horizon,  but  merely  similarh'  disturbed  as  according  to  the  section  Arc. 
7.0  should  correspond  to  Arc.  8.420.  This  would  imply  a  fault  of  some 
300  feet  and  more,  or  horizontally  400  feet,  as  the  direction  of  the  holes 
is  nearly  at  right  angles  to  the  strike.  I  will  give  the  correlation  both 
ways. 

They  begin  in  the  base  (probably  of  an  ophite)  a  fine  grained  black 
trap  which  may  be  separated  by  a  little  sediment  from  the  next  seam. 
Ophite. 

Arc.  8,  133-145  Amygdaloid    -261,  128 
Arc.  7,    50-60  -212,  162 

Amygdaloid  top  Arc.  8.  261-272-290?     29 
Arc.  7,  212-222 -h  10 

38.  Scoriaceous   conglomerate   and   sandstone,    the   Calumet   conglomerate? 
much  disturbed  and  probably  faulted. 

Arc.  8,  290?-406,    plainly  a  sandstone  about    358,         116 
Arc.' 7,  212  -319,  '  (cf.  255?),    97? 

39.  Ophite,  amygdaloid  top  mixed  in  belt  above,  mottles  up  to  3  mm. 

Arc.  8,  406-491,     85 
Arc.  7,  319-395,     76  or 
Arc.  7,  50 

At  the  Franklin  Junior  the  beds  under  the  "Calumet  conglomerate" 
are  reported  as  a  porphyrite  which  does  not  appear  here,  except  possibly 
in  the  disturbed  belt? 


KEWEENAW    SERIES    OF    MICHIGAN.  441 

40.  Ophite,  about  10  feet  of  amygdaloid,  mottles  up  to  4  or  5  mm. 

Arc.  8,  491-637,     146 
Arc.  7,  39.5-523.     128  or 
Arc.  7.    .50-212.     102 

Below  base  of  Calumet  and  Hecla  No.  13.      (50 -f-  ?)  (231) 

41.  Disturbed  belt  in  part  sedimentary. 

42.  Arc.  7,  212-319,     102  (100) 

43.  At  212  some  amygdaloid,  to  222  fine  grained  green  epidotic,  then  some 
scoriaceous  amygdaloid,  dense  fragments  of  amygdaloid,  and  calcite,  red 
shale?  a  sediment  or  slip  to  288.  288-319  sludgy.  This  may  include  the 
horizon  of  the  Calumet  Amygdaloid. 

Base  below  the  Calumet  and  Hecla?  (333) 

44.  Ophite  (top  disturbed,  in  sludge  and  possibly  the  horizon  of  the  Osceola 
amygdaloid. 

Arc.  7,  319-395,     76  (~4) 

at  319.  334,  351  feet 

Mottles   1-2,      2,    2h  mm. 

407 

45.  Ophite.  (Probably  the  fourth  above  the  Kearsarge  conglomerate  top, 
probably  the  Osceola  arnygdaloid'!) 

Amygdaloid  Arc.  7.  394-401,  7  feet  top  to 

Trap"  523  (125) 

.  W>ll-marked;  at  437,  452,  463,  489,  499,      502,         512  mm. 
Mottles  2,      3,      5,      3,      3,  1  to  2,  1  to  2  mm. 

Cf.  (83)  or  (138)  feet  of  Frankhn  Junior 

Base  below  Calumet  and  Hecla  50  -h  ?  (532) 

Above  the  base  of  the  Kearsarge  conglomerate  by  scaling  >  (310) 

Cf.  with  863  feet  at  the  Franklin  Junior  (842) 

46.  Ophite?  64? 

Amygdaloid  Arc.  7,  523-530 

Trap  -544  +      21  -!-   (64)  or  (83)  feet  at  Franklin  Junior? 

Base  below  the  Calumet  and  Hecla  (596) 

The  three  beds  above  are  some  of  the  large  ophite  flows  which  occur 
in  the  Franklin  Junior  cross-cut  just  above  the  Kearsarge  and  below  the 
suppo.sed  Osceola? 
47  & 

48.  Two  ophites  not  pierced  in  this  cross  section. 

Cf.  the  92  feet  of  ophite  flow  just  above  the  Kearsarge  conglomerate 
at  the  Franklin  mine,  and  the  125  feet  just  above  (125) 

(92) 

(813) 
Above  correlations  are  such  as  would  be  suggested  by  PrjT»r. 

49.  Kearsarge  conglomerate  say  to  balance  .  (29) 

At  the  Franklin  Junior  it  is  (36)  (842) 

Upon  comparison  v.-ith  the  Calumet  and  Hecla  section  it  is  clear  that 
between  this  and  the  Arcadian-Franklin  Junior  sections  a  thinning  of 
100  feet  or  so  has  taken  place.  This  does  not  appear  to  be  due  mainly 
to  the  thinning  of  the  various  beds,  but  rather  to  the  ehsion  of  some  of 
them  by  slide  faults  confined  mainly  to  the  upper  part  of  the  section, 
which  may  be  represented  by  the  disturbed  belts  in  Holes  7  and  8. 
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The  first  400  feet  above  the  Kearsarge  conglomerate,  composed  in 
the  Franklin  Junior  of  four  heavy  ophite  flows,  or  even  the  first  oOO  do 
not  show  much  disturbance  there  or  at  Calumet,  but  the  first  300  feet 
under  the  Calumet  conglomerate  show  much  disturbance  which  evidently 
corresponds  to  the  disturbed  belt  (or,  if  they  are  not  the  same,  belts)  of 
Arc.  7  and  <S.  This  disturbed  belt  at  Calumet  centers  about  and  above 
the  Calumet  amygdaloid,  the  top  of  a  large  ophite  flow  just  above  the 
Osceola.     I  have  correlated  accordingly. 

The  following  beds  are  taken  from  Pryor's  section,  and  were  compiled 
by  him  from  records  at  Calumet. 

49.  Kearsarge  conglomerate  (46)  feet  dip  on  Pryor's  profile  59°\ 

50.  Trap  (58 i)  feet 

51.  Amygdaloid  (12)  and  Trap  (124),  (136)  feet 

52.  Amygdaloid  (31)  and  Trap  (31),  (62) 

53.  Amygdaloid  (15)  and  Trap  (33).  (48) 

In  Arc.  1'  there  is  a  fis.sured  melaphyre  at  Arc.  1,  .39  feet 

54.  Amygdaloid  (25)  and  Trap  (78),  (103)  feet.  Total  from  base  of  Kear- 
sarge conglomerate  (407)  feet.  The  amygdaloid  unfler  this,  Pryor  takes 
to  be  the  first  belt  encountered  in  No.  1  hole  53-57  feet.  This  was  put 
down  at  an  angle  of  45°,  i.  e.,  so  nearly  at  right  angles  to  the  dip  which  is 
probably  about  58°  that  the  reduction  factor  (=  sin  103°-|-)  is  .974. 

55.  Amygdaloid  (4)  and  Trap  (56)  feet,  Pryor.  I  make  the  lower  contact 
at  Arc.  1,  109  feet.  The  belt  is  slightly  glomeroporphyritic  at  the  top, 
ophitic  at  Arc.  1,  79  feet. 

56.  Amygdaloid  (7)  and  Trap  (19)  Epidote  seam  (3)  Trap  (4).  30  feet  of  a 
small  flow,  epidotic  from  Arc.  1,  135  to  138  and  then  amygdaloid  again. 

Amygdaloid  (23)  and  Trap  (26),  in  all  Prj-or  (82) 

Very  feldspathic  and  but  faintly  ophitic,  coarsest  near  167. 

Cf.  C.  &  H.  C  56  to  84  (28  +  )  which  is  also  feldspathic  ophitic. 

Total  from  top  of  hole  191 

Total  from  base  of  Kearsarge  coiiglomerate  (549) 

57.  Amygdaloid  melaphyre  Arc.  1,  191  to  211  (20) 
seamed  at  an  angle  of  26°  to  the  hole 

58.  Amygdaloidal  melaphyre  or  two  or  three  flows  Arc.  1,  211  to  224         (13) 

A  hard  gray  amygdaloid,  seamed  at  219  and  222  feet. 

59.  Amygdaloidal  melaphyre.     Amygdaloidal  224  to  239,  to  Arc.  1,  240     (16) 

60.  Amygdaloidal  melaphyre  .Arc.  1,  240  to  Arc.  1,  255  (15) 

Pryor  Amygdaloid  (6)  with  Trap  (10) 

61.  Amygdaloidal  melaphyre.  Arc.  1,  255  to  262  (7) 

Cf.  Calumet  and  Hecla  C.  84  to  135  (51)  feet,  which  has  three  or  more 
flows. 

The  above  five  flows  57  to  61  are  not  clearly  defined  and  may  be  more 
or  less  gushes  of  one,  together  they  make  a  broad  amygdaloidal  belt,  the 
thickness  of  which  is  about  (71)  feet,  and  the  base  below  the  top  of  Hole 
1  (262)  and  so  below  the  base  of  the  Kearsarge  conglomerate  (605)  feet. 

62.  Ophite.     Arc.  1,  262  to  385.     123  feet  or  reducing.  (121) 

Cf.  C.  and  H.  C  135  to  226  (91)  feet;  and  Central  mine,  (Figure  33, 
Belt  53,  d.  2.259-333  (74). 

This  begins  wdth  9  feet  of  marked  amygdaloid  and  at  Arc.  1,  278  to  290 
is  another  marked  amygdaloid,  which  may,  however,  be  a  flowage  seam. 

» In  Figure  42,  drill  hole  1  i.s  shown,  just  X.  \V.  of  drill  hole  2,  but  its  number  has  acci- 
dentally been  omitted  by  the  draftsman. 
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At  1,  299  feet  it  is  for  2  feet  epidotic  to  302  feet,  and  at  312  to  317  feet 
and  320  to  324  feet  and  at  347  feet  about  8  feet  and  at  304  to  311  it  is 
amygdaloid  in  spots,  but  the  coarsening  grain  shows  it  is  all  one  flow 
and  that  these  are  merely  flowage  or  alteration  streaks.  At  340  feet  the 
mottles  are  about  10  mm.  across?  This  is  taken  to  be  the  hanging  trap 
of  the  Kearsarge  amygdaloid  and  its  base  is  then  below  the  conglomer- 
ate>  '  (726)  feet. 

63.  Kearsarge  Trap,— an  ophite  characterized  by  the  presence  of  porphy- 
ritic,  sharp,  flattened  crj'stals  or  groups  of  crystals  of  labradorite  up  to 
20  mm.  long  especially  in  its  upper  part  which  is  otherwise  either  amygda- 
loid with  red  amygdules  and  white  centers  or  a  dense,  fine  grained,  hard 
trap,  while  the  bottom  is  plainly  ophitic,  though  often  dense,  hard,  and 
aphanitic  for  an  unusually  large  distance  from  the  bottom. 

In  Arc.  1,  385  feet  to  the  end  at  428  feet  which  is  like  Arc.  2,  78  from 
which  to  the  base  at  Arc.  2,  143  feet  is  65  feet  or  in  all  (109)  feet 

Arc.  2,  42  to  50  is  a  laumontite  amygdaloid  which  then  changes  to  a 
yellow-green,  hard  white  trap  which  at  2,  81  is  rather  feldspathic,  in- 
dependent of  the  coarse  labradorite  crj'stals,  but  at  94  to  96  shows  the 
3  to  4  mm.  ophitic  mottling  plainly. 

Hole  2  shows  there  must  be  not  less  than  (143-42)  101  of  the  Kear- 
sarge footwall  trap  and  its  amygdaloidal  top  shows  that  there  is  not 
very  much  more.  If  the  dip  is  steeper  than  58  to  59°  there  will  be  more. 
Cf.  C.  &  H.  A.  54-198  (144)  and  C.  &  H.  C.  226-281+   (55  +  ) 

Cf.  Central  mine  2,  333  to  408  (75)  which  is  somewhat  different  in  ap- 
pearance. 

At  the  Wolverine  mine  the  foot  trap  is  187  feet,  it  is  said. 

64  Wolverine  sandstone.     Marvine's  slaty  sandstone  Xo.  9,  Arc.  2,  143  to 

178  (35) 

The  first  21  feet  are  red.  sandy  shale  dipping  (8:15  or)  72°  apparently. 

Dip  on  profile  59°.     Its  top  is  by  addition  (846)  or  by  scaling  (831)  feet 

below  the  Kearsarge  conglomerate  and  its  base  below  the  base  of  that 

(866) 

Marvine  makes  No.  9,  the  "slaty  sandstone"  (720)  feet  below  the 
Kearsarge  at  the  Shelden  and  Colmiibia,  but  he  also  recognizes  10  and 
11  as  different  beds.  From  12  to  10  and  11  is  (655)+  (196)  feet.  The 
W^olverine  sandstone  is  about  21  feet  thick,  and  may  correspond  only 
to  the  upper  21  feet  of  this. 

65.  Ophite.     Arc.  2,  178  to  262=84  or  (82)  _ 

Unless  the  scoriaceous  base  of  the  Wolverine  sandstone  be  such  in 
part,  there  is  no  marked  amygdaloid  top  to  this.  At  Arc,  2,  187  it  has 
a  2  mm.  ophite  mottling.  At  220  this  is  about  4  mm.  At  Arc.  2,  262 
it  becomes  fine  grained,  though  there  is  no  clear  contact. 

This  is  Prj'or's  amygdaloid  from  228-^35  and  trap  to  260.  ''much 
altered  from  243  to  255." 

Below  the  base  of  the  Wolverine  sandstone  (82)  feet 

C.  &  H.  A.  198-270  (72)  top  lost?  W^olverine  319-406  (56) 

Central  mine  2,  412-442  (30)  and  2,  442-498+  (56  +  )  which  agrees  better. 

66.  Melaphj're. 

Feldspathic  verging  on  glomeroporphyritic. 

Arc.  2,  262  to  315  (^1) 

1  Scaling  from  Pryor's  cross-section  from  the  top  of  the  Kearsarge  conglomerate,  with  an 
assumed  dip  angle  of  59°. 
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Cf.  C.  &  H.  A.  270  to  301  (91);  Cent  ml  mine  442  to  498+  (56  +  )  which 
really  agrees  better  with  the  bed  above;  also  Central  mine)  0  to  27. 

This  includes  Pryor's  amygdaloid  2(50-273,  "good  looking,  chocolate 
medium, — a  little  epidote  in  places, — 315  trap  grayish,  medium,  in  some 
spots  altered." 

67.  Scoriaceous  conglomerate?  at  Arc.  2,  315  to  320?  (5)? 

Cf.  Central  mine  1,  27  and  43  jmssim  also. 

68.  Melaphyre,  a  feldspathic  bed  with  a  scoriaceous  amygdaloid  top  passing 
into  conglomerate  (Arc.  2,  315  to  322)  464. 

At  377  and  other  points  coarse  doleritic  spots,  labra<lorite  8  mm.,  and 
red,  micaceous,  altered  olivine  show  well,  also  dark  chloritic  amygdules. 
Toward  the  bottom  it  is  faintly  ophitic.  Finer?  at  Arc.  2,  436  with  a 
green  amygdaloid  streak  at  452,  but  apparently  coarse  and  all  the  same 
flow  to  the  end  of  Hole  2  at  464.  This  is  probably  Dr.  Hubbard's  "in- 
clusion" bed  and  the  spots  and  streaks  are  the  inclusions. 

This  includes  Pryor's  amygdaloid  2,  31.5-329,  part  chocolate,  part 
dark,  pretty  well  sprinkled  with  calcite,  some  laumontite,  31.5-320  looks 
like  amygdaloid  conglomerate, — 464.  'J'rap  medium  altered,  in  spots 
and  seams,  sometimes  a  little  bunch  of  epidote,  at  447-450  a  little  bunch 
of  copper  and  epidote.  End  of  trap,  at  bottom  finer  than  at  top.  I 
put  the  mottling  10  mm.  at  440  with  some  questions.  This  coarseness 
of  grain  would  ^indicate  about  150  feet  more.  This  would  correspond 
at  &  dip  of  59.5°  with  Arc.  19,  155  feet  instead  of  120,  i.  e.,  35  feet  differ- 
ence, and  would  make  the  bed  267  feet  thick  instead  of  217.  It  is  epi- 
dotic  at  129  and  the  contact  may  be  a  few  feet  higher  up.  However,  w^e 
correlate  Arc.  2,  315  to  464+  and  Arc.  19,  43  to  (120)  or  139         (217) 

Pryor  makes  No.  19,  0-43  overburden,  then  to  120  trap.  At  63  to 
67  calcite  fissure  gray,  becoming  darker  toward  the  end.  The  Pryor 
section  makes  the  dip  of  Hole  19  52  °f,  but  that  appears  to  be  too  flat 
by  correlations.  C.  &  H.  A.  361-406  is  a  group  of  amygdaloid  and  trap 
belts  with  sediment  and  scoria.  Cf.  Arc.  1,  315  to  322.  If  we  can  thus 
group  them  then  to  this  belt  will  correspond  C.  &  H.  A.  361-6.56  (295) 
which  like  this  is  feldspathic  only  faintly  ophitic,  if  at  all,  but  doleritic. 
Central  mine  Hole  1  shows  also  a  series  of  ophites  with  marked  scoriac- 
eous amygdaloids  at  this  horizon. 

69.  Scoriaceous  conglomerate?  Arc.  19,  139-139  1 

Below  the  base  of  the  Wolverine  sandstone  about  (355) 

Cf.  C.  &  H.  A.  6.56;  Franklin  Junior  d.  3,  535. 

70.  Melaphyre. 

From    Arc.    19,   120  to  135  it  is  markedly  amygdaloidal.     One  foot 
epidotic  at   153.     There  are  signs  of  scoriaceous   conglomerates   along 
here  possibly  misplaced. 
Arc.  19,  139  to  153,  33  or  (32) 

71.  Ophite  with  scoriaceous  amygdaloid  and  basic  sand  or  sludge. 

Arc.  19,  153  to  251,  98  or  (95) 

The  above  two  may  be  one  belt.     Cf.  C.  &  H.  A.  (656  to  752.6  +  ) 

Pryor  comments  "42  feet  amygdaloid,  reddish,  rather  rotten  with 
calcite,  prehnite  and  sludge." 

72.  Ophite. 

It  is  poorly  amygdaloid  to  288  feet,  then  ophitic  mottles  which  are 
coarsest, — 6  mm.  across  at  about  345  feet,  at  350  feet  5  mm.,  plainly 
finer  at  376  feet. 
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Are.  19,  251  to  270  amygdaloid  (with  scoriaceous  conglomerate?)  to 
398  trap  147  or  (^'^^  +  ) 

Below  the  base  of  the  Wolverine  sandstone  (625) 

73.  Fault  zone  possibly  bed  of  sediment,  a  mixture  of  sediment,  clay  fluccan 
and  fine  grained  trap  to  be  divided  in  uncertain  amounts  between  the  belts 
above  and  below.     Pryor  also  thinks  that  the  core  ran  through  a  seam  here. 

Arc.  19,  398-424  __J!2. 

Below  base  of  Wolverine  sandstone  (650) 

74.  Feldspathic  ophite,  mottling  not  well  marked. 

The  base  has  long  amygdules  and  a  little  copper,  coarse,  with  doleritic 
spots,  and  prehnitic  amygdules;  at  475  doleritic  spots  of  very  coarse 
feldspar. 

Cf.  Franklin  Junior  d  1.     126-243     (117) 
Arc.  19,  424  to  620  (196  or)  0^^^) 

Below  the  base  of  Wolverine  sandstone  about  (S40) 

75.  Feldspathic  ophite. 

Coarse  amygdaloid  with  large  amygdules.     At  705  to  708  4  to  5  mm; 
at  6.50  and  719  3  mm. 
Arc.  620  to  745,  125  i.  e.,  __ilf^ 

Below  the  Wolverine  sandstone  (962) 

Hole  19  ends  at  767  i  feet. 

We  pass  here  to  Arc.  Hole  20  of  which  this  is  the  top  bed. 

76.  Sandstone  (No  number  by  Marvine,. say  8i)     Cf.  "Old  Colony"  sandstone. 

This  has  on  top  red  shale,  then  about  two  feet  of  copper  bearing  epi- 
dotized  sandstone,  and  clasolitic  veins  of  this  epidotic  sandstone  extend 
down  into  the  red  and  white  amygdaloid  beneath.  In  the  Arcadian  20 
at  54  feet  there  is  a  seam  of  epidote  and  indurated  sediment  underlam 
with  amygdaloid  largely  ground  to  sludge,  which  appears  to  be  the  same. 
The  dip  using  this  correlation  would  be  58.5°,  instead  of  the  flatter  dip 
used  in  the  section.  So  I  think  we  may  safely  assume  a  dip  of  about 
59°  through  Hole  19  as  well  as  for  the  holes  each  side. 
Arc.  19,  745  to  749^  (4) 
20.  54-F  '  '_ 

Below  the  Wolverine  sandstone  (968) 

This  may  be  the  "Old  Colony"  sandstone  which  is  980  feet  below  the 

Wolverine. 

The  122-foot  bed  in  Arc.  19,  just  above,  is  too  thick  to  be  anything 

but  the  top  bed  of  Arc.  20,  and  beneath  it  in  each  case  is  similar  epidotic 

and  indurated  sediment,  though  Arc.  20  seems  to  be  near  a  fault,  and  the 

contact  is  not  clear. 

77.  Ophite,  feldspathic,  often  doleritic. 

Pryor  says  that  this  amygdaloid  is  light  gray  to  chocolate,  good  aver- 
age, with  some  epidote,  the  top  part  of  the  trap  also  slightly  amygdaloid, 
the  bottom  brown. 

Arc.  20,  54  to  134     80  or  (78) 

The  samples  were  perhaps  not  in  good  order,— indurated  sediment 
and  sludge  were  scattered  through. 

78.  Ophite,  feldspathic,  doleritic 

Dip  from  amygdaloid  contacts  seen  in  the  drill  core  59°  to  64°.     From 
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the  cross-section  it  would  only  be  some  49°,  and  presunaably  in  project- 
ing on  the  cross-section  the  strike  was  taken  too  much  north;  the  dis- 
tance along  the  strike  is  considerable  relative  to  that  across  it. 

Arc?  20,  134  to  200,    76  (54) 

Arc.  21  to  95,  74 


From  the  base  of  the  Wolverine  sandstone  (1100) 


Above  the  hanging  of  the  Arcadian  lode  about  (1350) 

The  feldspathic  doleritic  ophites  of  the  top  of  Arc.  20  and  21  and  bot- 
tom of  Arc.  19  are  hardly  ophites  at  all, — may  be  a  recognizable  group, 
and  if  so,  are  recognizable  in  Franklin  Junior  Hole  1,  and  Hole  2. 

79.  Ophite 

A  small  flow  somewhat  amygdaloid  throughout.     Mottles  not  over  2  mm. 
Arc.  21,    95-124?  (29)  or  (28) 

Arc.  20,  200-239    (39) 

80.  Ophite,  feldspathic,  with  doleritic  inclusions  in  Arc.  20. 

The  amygdaloid  is  well  marked  and  has  copper. 

Arc.  21,  124-140  am.,-247  trap,  123  or  (120) 

Arc.  20,  239-250  am., -291  trap-1- 

The  dip  by  correlation  is  about  59°,  according  to  the  amygdaloid  con- 
tacts 59°,  64°,  75°. 


Above  the  hanging  of  the  Arcadian  lode  about  (1202) 

81.  Brecciated  amygdaloid  and  feldspathic  ophite. 

Dip  between  59°  and  75°  according  to  amygdaloid  contacts  which 
average  along  here  65°  if  the  holes  are  at  45° 
Arc.  21,  247-332*,  85*  (83) 

82.  Brecciated  amygdaloidal  melaphyre 

Arc.  21,  332^-348     15^  (15) 

83.  Scoriaceous  amygdaloid  and  doleritic  ophite 

Arc.  21,  348-430     80  or  (78) 

From  base  of  Wolverine  sandstone 

84.  Scoriaceous  amj^gdaloid  and  feldspathic  melaphyre 

Arc.  21,  430-471  am., -550  trap,  120 

From  the  base  of  Wolverine  sandstone  (1540+) 

85.  MelaphjTe. 

This  is  not  ophitic,  compact  and  rather  fine  grained. 

Arc.  21,  550-571  am.,-663  trap,  113  or  '  (110) 

From  the  base  of  the  Wolverine  sandstone  (1650) 

Above  the  Arcadian  hanging  wall  (800) 

86.  Ophite,  dark,  yet  but  faintly  ophitic 

Arc.  21,  663-667  marked  red  amygdaloid  with  some  copper 

trap  756+  ^  (128) 

Arc.  Hole  22  begins  in  a  massive  trap  which  is  not  very  remarkably 
ophitic  yet  dark  and  chloritic,  seamed,  with  bro-mi  specks  of  altered 
olivine.  It  begins  somewhat  amygdaloidal  at  the  top  17  feet  and  ap- 
pears to  have  2  mm.  mottles  at  40.  At  91  feet  may  be  the  bottom. 
Assuming  30  feet  not  represented  this  would  make  the  bed  (104)  feet 
thick,  plus  some  allowance  for  amygdaloid.  Scaling  from  Pryor's  sec- 
tion makes  it  (120);  steeper  dip  would  give  greater  thicknesses.     The 
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last  bed  in  Arc.  Hole  4,  bored  horizontally  northwesterly'  from  Arc. 
4,  362  to  Arc.  4,  453  is  fissured,  faintly  ophitic  and  dolentic  and  pre- 
sumably the  same  bed.  ,  .  ,  .  ,  ■  „„+„i 
N  B  From  here  on  the  thicknesses  are  derived  from  horizontal 
measurements  by  multiplying  by  sin  57i=.845  while  previously  they 
have  been  obtained  from  thicknesses  along  drill  holes  at  an  angle  ot  45 
by  multiplj-ing  by  sin  76°=(180°-59°-4.5°)=.970  from  No.  9  down. 

Base  from  the  base  of  the  Wolverine  sandstone  about  (1778) 

Above  the  Arcadian  horizontally  794  feet,  or  y 

^  'aic   4      348-362  is  an  amygdaloid  the  samples  of  which  were  ground 
up,  the  "vein"  reported  to  be  about  9  feet  thick,  there  was  a  laumontite 
vein  above  it  at  371  to  374  feet. 
Arc  22  88-95  is  called  amygdaloid  chocolate  at  top,  epidotic  at  bottom 

At  Arc.  22,  160  there  is  a  laumontite  seam  and  it  seems  finer  grained 
above  it,  possibly  a  slip,  also  at  4,  371  to  374. 
The  underlying  trap  is  a  dark  and  well-marked  ophite,  represented  by 

Arc.  4,  348  to  250.  in  all  1 12  or  by  Pryor  141  feet  across,  which  reducing 
by  .845,  gives  a  thickness  of  (95)  or  M     ^ 

Arc.  22,  91-210,  119  or  '         '^  ^^^^^ 

88.     Melaphjre. 

\ic  4,  250-243  was  a  grev-green  amygdaloid. 

This  is  feldspathic  only,  coarsely  amygdaloid,  not  ophitic;  the  amyg- 
daloid is  reddish  decayed,  amygdaloid  faint  . 
Not  a  marked  flow. 

Arc.  4,  250  or  221-188,  62  or  33  feet  across  which  reducing  by  .»4o 

gives  (52)  or  (28) 

Arc.  22,  210-216  amygdaloid  -250  trap.  '^  ^^ 

S9.     Amvgdaloidal  ophite.  j„  „f 

"This  is  more  or  less  amygdaloid  throughout  and  it  may  be  made  ot 
smaller  flows,  e.  g.,  4,  173  to  184  amygdaloid  with  prehnite  and  copper 

and  4,  149-158.  , 

Arc.  4,  188  to  121,  67  feet  across  which  reduces  to  J   J^/; 

Arc.  22,  250-254  amygdaloid  grayish  green  -288  *-  ^^  ^ 

From  the  base  of  the  Wolverine  sandstone  say  (19^2) 

Above  the  Arcadian  hanging  ^ 

90.  Arc.  4,  121  to  32,  91  feet  across  which  reduces  to  (77) 

Arc.  22,  288-316  Am-3700  or  so  (^^ 

Above  the  Arcadian  hanging  _J__J_ 

91.  Amygdaloid  melaphyre  .  r        d        - 

382  feet  above  the  top  of  the  Arcadian  lode,  365  by  scaling  from  ITyor  s 

plan  to  Arc.  22,  370. 

Arc.  22,  370-398  is  a  grayish,  coarse  amygdaloid. 

Arc.  4,  32-11  is  a  greenish,  much  altered  amygdaloid  with  considerable 
laumontite,  evidently  the  top  of  the  trap  belt  at  the  end  of  the  cross-cut 
west  from  the  8th  level,  which  was  432  feet  long,  i.  e.,  ends  (356)  feet 

1  So  that  the  uppermost  beds  are  those  struck  at  the  end  of  the  hole.     Hole  4  is  shown  in 
Figure  42,  but  its  number  is  omitted. 
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above  the  foot  of  the  Aroathan  lianging.  Comparing  the  thickness  of 
belts  in  the  horizontal  hole  and  the  one  at  45°  (No.  22)  we  have  |?, 
H,  1^.  ^'^2\"^>  '^^tTfl''"'  '^•'^lu^-^  ranging  from  .90  to  .57,  averaging 
.74  or  from  the  total  distance  about  .81  whence  by  the  formula: 

(Cot.  dip  +1)  X  cos  45°=ratio   length  along  horizontal  hole 

Cot  dip  +   1  ^length  along  hole  at  45° 

.^^^  .  .i^ii  =  1.751  .  •  .  dip=53°  (or  from  .74  62  °i).  Scaling  from  Arc. 
22,  370  and  Arc.  432  to  the  Arcadian  lode  we  get  52  °J,  while  Pryor 
shows  the  actual  dip  of  the  Arcadian  No.  2  shaft  to  be  56°.  Hubbard 
gives  the  dip  of  the  Arcadian  56.5°. 

The  correlation  of  Arc.  22  at  370  and  Arc.  4  at  32  feet  gives  53 °i. 
The  coefficient  of  reduction  for  the  thickness  of  a  belt  at  an  angle  of  45° 
is  sin  82°=.9S0  about  1%. 

92.  According  to  Marvine  (Plate  XIX,  Section  1,  Atlas  to  Vol.  1)  down  at 
least  to  (300),  perhaps  down  to  (180)  above  the  Isle  Roj'-ale  Arcadian  lode' 
is  a  heavy  bed  of  trap,  the  faintly  amygdaloidal  and  somewhat  glomero- 
porphyritic  upper  part  of  which  is  found  in  Arc.  4,  1-32?  It  is  not  clear 
that  there  is  any  contact  here  or  near  the  bottom  of  Hole  22  from  the 
samples,  though  Pryor  thought  so.  It  may  be  merely  a  pseudamygdaloid 
or  altered  belt,  so  that  the  thickness, given  may  perhaps  need  to  be  added 
to  the  previous  belt. 

Thickness  perhaps  (211) 

Foot  above  the  Arcadian  (180) 

93.  Shelden-Grand  Portage-Columbian  amygdaloid  and  underlying  trap. 
It  is  a  rather  coarse  amygdaloid?  (70) 

94.  Small  amygdaloid  and  melaphyre  (Marvine   11.  k)  ?  (39) 

95.  "  "  "  •'  •'  "  (44) 

The  Isle  Royale  Hole  3  does  not  seem  to  show  these  beds.  Are  they 
faulted  out? 

96.  The  immediate  hanging  of  the  Arcadian  lode  is  exposed  at  the  mine  and 
is  a  coarse  feldspathic  amygdaloid  (27) 

Hanging  of  Arcadian  lode  below  Wolverine  sandstone  (2450)  feet 

The  Arcadian  lode  dips  56.5 °  and  strikes  N.  37  °  49'  W. 
Between  the  Arcadian  lode  and  the  beginning  of  drill  hole  3,  at  the 
end  of  a  cross-cut  at  104  feet  into  the  foot,  the  section  is  completed  by 
exposures  on  the  surface,  practically  continuous,  which  show  that  the 
interval  is  occupied  by  a  melaphyre  full  of  bombs  or  inclusions  as  de- 
scribed by  Hubbard,  pages  77,  78  and  132.  Compare  also  Arc.  21, 
144  to  177.  Such  inclusions  in  drill  holes  often  make  difficulty  in  de- 
termining the  exact  bounds  of  different  flows. 

97.  Inclusion  bed,  melaphyre. 

To  Arc.  3,  17,  140  feet  horizontally  or  (118) 

Below  the  W^olverine  sandstone  2568 

98.  Amygdaloidal  melaphyre. 

Greenish  amygdaloid,  coarsely  amygdaloidal  throughout. 

Arc.  3,  17  to  39,  22  feet  horizontally  or  (19)' 


iSee  Belts  3  and  1  of  the  Isle  Royale,  §  14,  just  below. 
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99.     Ophite. 

Coarsely  amygdaloidal,  chocolate  aiul  not  numerous  aniygdules,  but 
at  the  foot  of  the  amygdaloid  (48'-50')  very  epidotic. 
Arc.  3,  39  to  143,  104  feet  horizontally  or  (88) 

Amygdaloid  melaphyre 
Arc'  3,  143-160,  17  feet  horizontally  or  (14) 

Below  the  Wolverine  sandstone  (2689) 

100.  Melaphyre. 

With  epidotic  brecciated  amygdaloid,  with  chlorite  and  epidote  well- 
marked,  and  a  fine  grained,  dark,  compact  trap  below.     This  is  crossed 
by  a  vertical  seam  near  180  feet. 
Arc.  3,  160-196,  36  feet  horizontally  or  (30) 

101.  Ophite. 

The  amygdaloid  contains  a  trace  of  copper,  the  trap  show  s  well-marked 
mottling  up  to  4  mm !  at  225  a  seam  makes  an  angle  of  47  °  with  the  drill 
hole. 
Arc.  3,  196  to  235,  39  feet  horizontally  or  (33) 

102.  Ophite. 

Green  and  white,  epidotic  amygdaloid  fading  off  to  Arc.  3,  250.     Then 
ophitic;  at  294  §  mm.  at  304  6  mm. 
Arc.  2,  233-320,  87  feet  horizontally  or  (73) 

103.  Ophite. 

Amygdaloidal,  (trap  333-340) 

At  339  the  dip  appears  to  be  56°  and  at  390  seams  of  laumontite  ap- 
pear to  dip  58°. 
Arc.  3,  320-394,  74  feet  horizontally  or  (62) 

104.  Ophite. 

(394-397  amygdaloid,  greenish,  epidotized,)  really  includes  the  next 
belt  which  I  separated  because  Pryor  did  in  Arc.  3;    in  Arc.  9  we  both 
-         keep  them  together. 

The  thickness  of  this  hole  in  horizontal  cross-cut  and  drill  hole  in- 
dicates 74°  dip  or  so,  but  the  fault  may  have  something  to  do  with  it. 
Arc.  3,'  394-491  57  feet  horizontally  or  (48) 

Arc.  9,  14  

Below  the  base  of  the  Wolverine  sandstone  (2935) 

105.  Ophite. 

451-453  faint  green  and  white  amygdaloid;  I  think  this  is  a  bomb,  and 
this  flow  and  the  one  above  the  same,  because  I  make  the  mottling  at 
472,  5  mm.  and  491,  3  mm.  and  again  in  Hole  9  Pryor  and  I  agree  in 
making  one  big  belt  above  the  conglomerate. 

Arc.  3,  '451-508,  57  feet  or  •  49 

Or  adding  this  ajid  the  belt  above  as  one  flow  (97) 

Arc.  9,  14  (beginning  of  rock)  to  116  ['  '■    \     (102) 

Total  from  the  base  of  the  Wolverine  sandstone,  Marvine's  No.  9,  to 
the  foot  of  the  ophite  which  is  the  hanging  wall,  (with  a  slide)  of  No. 

8,  conglomerate  2989 

Below  the  top  of  the  Arcadian  lode  549 

From  foot  to  foot  Hubbard  makes  552 

Slide;  clay  fluccan,  apparently  to  be  counted  mainly  with  the  over- 
lying trap  of  which  it  is  a  disintegrated  portion. 
Arc.  3,  508  to  515,  8  feet  horizontally,  or  7  feet 
57 
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106.  Porphyry  conglomerate.  Winona  conglomerate.  Marvine's  No.  8, 
the  first  conglomerate  with  well-marked  felsitic  pebble.s  that  we  have  met 
in  descending  the  section,  since  the  Kearsarge.  This  is  a  regular  con- 
glomerate with  rounded  acid  pebbles,  also  much  epidote,  calcite  and  basic 
material.  The  dip  is  apparently  63°  to  65°  in  Arc.  3  and  in  Arc.  9,  52°  10', 
ave.  about  58°. 

The  frequency  of  conglomerates  below  is  marked  here  and  elsewhere. 

Arc.  3,  510  to  548  anyway  and  perhaps  to  the  end  of  the  hole,  32  feet 
horizontally,  or  (27) 

This  also  appears  in  Arc.  9.  480  feet  southeast  of  the  Douglas  shaft, 
from  Arc.  d  9.  116  to  between  Arc.  9.  1-33  and  140  feet  or  (17)  to 
(24)  feet  thick  and  without  the  clay  cap. 

The  distance  horizontally  from  the  top  of  Arcadian  to  the  base  of  the 
•  conglomerate  in  the  cross-cut  is  120  +  548=668 

The  distance  horizontally  from  the  top  of  Arcadian  in  Arc.  9  may  be 
computed  as  480-1- 135=665-1-  and  the  thickness  accordingly  below 
the  top  of  the  Arcadian  (565) 

Or  below  the  base  of  the  Wolverine  sandstone  (3015) 

In  this  computation  of  the  distance  between  conglomerates  (8)  and 
(9)  I  do  not  think  that  the  error  in  dips  is  likeh  to  be  over  3°  and  the 
error  in  thickness  from  that  cause  over  a  ven,'  few  feet,  but  there  are 
vmcertainties  in  correlation  of  certain  of  the  holes  which  may  amount 
to  50  feet  perhaps. 

107.  Ophite,  doleritic. 

At  189  feet  laumontitic  fissures,  and  coarse  doleritic  seams  at  212, 
228,  244  feet.  . 

Reduction  factor  used  hereafter  sin  45°-l-56.5°=sin  78.5°:^.9S 

Arc.  9,  133  to  266,  133  or  (130) 

108.  !Melaphyre,  amygdaloid,  epidotic.  and  clasolite,  then  coarse  feldspathie 
and  chloritic  and  epidotic  at  base. 

Arc.  9,  266-293,  27  or  (26) 

109.  MelaphjTe,  amygdaloidal,  gray-green  and  epidotic. 

Arc  9,  293-310,  17  (17) 

110.  Ophite  marked. 

This  ophite  shows  the  mottling  fine  and  clear  down  to  1  mm.  and  this 
type  is  absent  between  Conglomerates  9  and  8  where  the  feldspathie 
ophites  do  not  show,  the  mottling  plainly  and  indeed  at  all  only  when 
coarse.     The  top  is  brecciated  and  perhaps  a  basic  conglomerate 
Arc.  9,  310-338,     28  i    ^ ; ,  (27) 


Below  the  base  of  the  Conglomerate  8  (200) 

(Cf .  the  bed  at  267  feet  below) 

111.  Ophite,  amygdaloid  335  to  352;  h  mm.  mottling  at  354.     This   of  the 
same  tjTDe  as  the  one  above  and  should  be  characteristic. 

Arc.'9,  338-365,  27  or  (26) 

112.  Seam  of  sediment,  basic  sandstone  or  shale  at  Arc.  9.  365 

Below  the  base  of  Conglomerate  8  (227) 

Cf.  Hubbard  p.  134 
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113.  Melaphyre,  mainly  amygdaloid  to  376 

Arc.  9,  365-383,  18 
Ophite,  fine  grained 
Arc.  9,  383-395  +  ,  12  + 

Below  the  base  of  Conglomerate  8  (257  +  ) 

The  top  of  Hole  10  is  according  to  Pryor's  section  239  feet  below  Con- 
glomerate 8.  It  is  said  to  be  939  feet  east  of  Douglass  shaft.  The  same 
section  makes  the  distance  between  drill  holes  9  and  10  some  450  feet. 

It  begins  in  fine  grained,  somewhat  amygdaloid  trap  and  soon  shows 
some  3  feet  of  fine  grained,  yellow,  epidotic  sandstone  from  the  dip  of 
which  on  the  drill  cores  we  might  infer  a  dip  of  (45° +  22°  50')  68°  or  by 
other  observations  61  to  62°,  so  that  there  might  be  a  considerable  gap 
between  Holes  9  and  10. 

114.  Epidotic  sandstone.  The  fine  grained  character  and  position  of  this 
bed  is  much  like  that  of  Conglomerate  7.  See  Hubbard's  remarks  in  Vol. 
VI,  p.  108  of  Pt.  II.     Cf.  also  112. 

Apparent  dip  61°  to  62° 
Arc.  10,  40-43,  or  more 


Below  the  base  of  Conglomerate  8  (267)- 

115.     Amygdaloidal  melaphyre,  exact  position  of  contact  uncertain. 

Arc.  10,  43?  to  53?  (10) 


Below  the  base  of  Conglomerate  8  (277) 

116.  Amygdaloidal  melaphyie,  fine  grained,  with  a  glomeroporphyritic  base. 

Arc.  10,  43?  to  68,  (25)  "  (25) 

Below  the  base  of  Conglomerate  8  (302) 

117.  Melaphyre,  epidotic  amygdaloid  for  10  feet. 

Arc.  10,  68-141,  73  (71) 

Arc.  12,  15-33 

Epidotic  seam  (amygdaloid  or  sediment?)  at  Arc.  10.  102-105  and 
also  at  Arc.  10,  121  an  epidotic  sandstone  with  a  little  coarse  amygda- 
loid associated.  The  trap  is  fine  and  glomeroporphyritic  and  there  are 
possibly  two  or  three  beds  combined  here. 

118.  Melaphyre,  coarse  feldspathic. 

Arc.  10,  141-156  amygdaloid  -182  trap,  41  (40) 

Below  the  base  of  Conglomerate  8  (403) 

119.  Amygdaloidal  melaphyre,  amygdaloid  about  half  way,  trap  rather  dark, 
medium  grained  in  Arc.  12  above  75  coarse  feldspathic. 

Arc.  10,  182-195  amygdaloid  -209  trap,  27  (26) 

Arc.  12,    75-  103,  28 

Arc.  13,    46-  62,  16 

120.  Amygdaloidal    melaphyre.     The    trap    rather    glomeroporphyritic,    fine 
grained. 

Arc.  75-82  clasolite  amygdaloid 

Arc.  10,  209-237?,  28  (27) 

Arc.  12,  103-132,    29 

Arc.  13,    62-108,    46 

Prjor  classed  all  the  rest  of  Hole  10  from  212  down  as  amygdaloid, 
but  probably  it  is  made  up  of  a  series  of  small  flows  as  indicated,  match- 
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ing  the  series  of  flows  in  the  tops  of  Holes  11  to  13, — the  matching  of 
individual  flows  being  very  uncertain. 

121.  Amygdaloidal  melaphyre,  with  a  2-foot  epidotic  seam 

Arc.  10,  237?-262,  25?  (25?) 

Arc.  11,    19?-42  ,  23?  + 
Arc.  12,  132  -160,  28? 
Arc.  13,  108  -120,  12 

122.  Amygdaloidal  melaphyre,  cut  by  a  clay  seam  at  Arc.  10,  268  feet. 

Epidote  and  copper  at  Arc.  10,  291  to  297  and  from  303  to  313  coarsely 
amygdaloid,  and  then  doleritic. 

Arc.  13,  62-126  64,  Coarse  amygdaloid  but  plainly  ophitic 

Arc.  10,  262-287  am.-324?     62  at    13,     110-115     epidote     and     quartz 

amygdaloid  (61) 

Arc.  12,  33-75  or  90,  41  or  56         Amygdaloid  at  12,  41  (56) 

Arc.  11,  42-         102,  60  This  occurs  also  with  a  coarse  amygda- 

loid above,  and  doleritic  below,  but  I 
also  note  occasional  large  feldspar  pheno- 
crystals;   copper  at   108-112  just  below 

(59) 


Below  the  base  of  Conglomerate  8  (452) 

123.  Feldspathic  melaphyres,  much  disturbed  and  with  more  or  less  copper; 
in  Ai'c.  11  coarse  and  somewhat  epidotic  to  154;  then  faintly  ophitic  and 
contact  at  178  with  epidotic  amygdaloid;  then  to  231  nmiierous  calcite 
seams  about  at  right  angles  to  core,  and  at  231  a  faint  amygdaloid. 

In  Arc.  12,  to  82  there  is  7  feet  of  clasolite  amygdaloid;  then  coarsely 
amygdaloid,  between  92  and  103  more  plainly  so  but  no  plain  contacts, 
fine  grained,  however,  to  117,  then  redder,  and  at  132  two  feet  of  epidote, 
and  it  remains  irregularly  amygdaloidal  with  more  copper  at  163-165, — 
possibly  another  contact.  Below  this  it  is  coarser  and  at  206  is  doleritic, 
and  faintly  ophitic.  In  Arc.  13,  it  is  coarsely  amygdaloid  from  140  to 
145,  fine  amygdaloid  to  150,  then  coarser,  doleritic  at  168,  and  at  195-8 
epidotic,  then  feldspathic  coarsely  amygdaloid  to  236,  then  yellow  and 
epidotic  again,  then  massive  faintly  ophitic  (3  mm.)  with  much  feldspar 
and  olivine  at  250;  near  the  contact  at  262  are  laumontite  veins. 
Arc.  10,  -324  + 
Arc.  11,  108-250,  142 

Arc.  12,    75-216,  141  (138) 

Arc.  13,  125-265,  140 
Possibly  the  limits  of  this  flow  in  12  should  be  at  92  and  232. 

124.  Feldspathic  melaphyre,  in  Arc.  11,  decayed  and  seamed.  In  Arc.  12, 
there  is  well-marked  amygdaloid  216-222  and  232-237;  below  faintly  opliitic. 

Arc.  11,  250-302+ ?     (52?) 

Arc.  12,  216  or  232-280?  (64?)  or  (48?)  cut  by  vertical  fissures  with 
calcite  and  copper  (63) 

Arc.  13,  265-313,     (48) 

125.  Feldspathic  melaphyre,  with  occasional  epidote  streaks  and  a  fine  grained, 
black  and  white  amygdaloid  at  the  bottom  in  Arc.  12. 

In  Arc.  13,  coarse  amygdaloid  with  copper  and  calcite  vein  and  fissure 
about  332-337 

Arc.  12,  280-342,  62  (61) 

Arc.  13,  313-349  + 
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Below  the  base  of  Conglomerate  8  ("'^04) 

126  Porphyiy  conglomerate,  with  pebbles  of  all  kinds  and  apparently  if  the 

■  dip  of  the  hole  is  45°,  a  dip  of  59°  to  62°.  There  is  much  matrix.  I  take 
this  as  conglomerate  (6)  which  Marvine's  makes  (736)  feet  below  No.  8  on 
the  Isle  Rovale  Consolidated  property,  Hubbard  (722).  I  think  that  this 
rather  than'the  one  below  is  the  one  which  outcrops  on  Section  20,  as  Hub- 
bard says  not  over  350  paces  (1000  feet)  horizontally  from  No.  8.  Omitted 
byPryor.  ... 

Arc.  12,  342-353,  11  ^  ^ 

Below  the  base  of  Conglomerate  8  (815) 

This  would  be  horizontally  975  feet. 

This  will  be  less  if  the  dip  is  less  than  56.5 °;  more  if  it  is  greater.^ 
197  \mygdaloidal  melaphyre.     Amygdaloid  begins  well-marked  ^'^th  small 

"  ■  amv-dules,  then  at  364  a  clay  seam.  The  samples  remain  amygdaloid  and 
full  of  fissures  to  the  end  of  Arc.  12  with  brecciated  or  scoriaceous  con- 
glomerate which  as  Hubbard  remarks  (p.  134)  are  characteristic  below  No. 

6  conglomerate. 

Arc.l2,  353-408 +  ,55+  ^  ^^'*> 

Hole  14  is  planned  just  to  lap  this  on  a  56.5  °  dip. 

It  does  not  begin  in  the  same  kind  of  rock  but  in  a  fairly  compact  rock 
with  a  streak  of  epidote  and  COPPER  at  Arc.  14,  32. 

128  Melaphyre.  Feldspathic,  compact  with  long  cores,  black,  famtly  ophitic 
and  without  amygdaloidal  contact  on  the  conglomerate. 

Arc.  14,40-70,30  }~^> 

129  Porphyry  conglomerate,  various  kinds  of  pebbles,  with  an  epidote  and 
■     calcite  cement.     This    may   be    conglomerate  (5),  which  Marvine  makes 

292  feet  below  No.  6,  but  might  conceivably  be  the  one  above  repeated  by 
faulting.                                                                                                           ,.  p,x 
Arc.  14,  70-80                                                        .         -o        .         .• 
Below  the  base  of  Conglomerate  8  by  scalmg  from  Pryor  s  section 

(1010) 
Below  the  base  of  Conglomerate  6  by  scaling  (160) 

But  there  was  an  error  in  platting  the  position  of  Conglomerate  6 
We  shall  take  it  as  below  Conglomerate  6  (140) 

And  below  Conglomerate  8  ^ 

But  there  is  an  uncertainty  of  some  50  feet  independent  of  what  may 
be  produced  by  faulting. 
Cf  Isle  Ro>ale  bed  31,  with  which  it  closely  agrees. 

130  Am^'Etl-'iloi^lai  melaphyre,  dark  with  small  white  amygdules. 

Arc.  14,80-97  .  ^   ,  .    (^^^ 

131  Amygdaloidal  melaphyre,  dark  with  small  white  amygdules,  with  some 
laumontite,  sometimes  chocolate,  in  spots  epidote. 

Arc.  14,  97-130?  33  (^^^ 

132  Ophite.     From  150-170  with  fine  grained  mottling. 

Arc  11,  130-140  am-179,  49  (^^^ 

133.         Melaphyre,  amygdaloid  and  pseudamygdaloid,  ophite  at  306  (4-5  mm.) 
perhaps  more  than  one  flow. 

Arc.  14,  179-323,  144  ^^^^> 
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134,         Basic    (Amygdaloidal  or  Scoriaceous)    conglomerate   in  Hole   14   more 
scoriaceous;  in  Hole  15  more  plainly  a  basic  conglomerate. 
Arc.  14,  323-340?  (17) 

Arc.  15,  91-101  (9) 


Below  Conglomerate  5  (255) 

6  (395)  ft. 

"  "  8  (1210) 

The  correlation  of  these  two  beds  implies  either  a  dip  of  only  51°-52°, 

or  faulting  amounting  to  not  over  35  feet  or  (and  in  view  of  the  strikes 

on  Section  29  this  seems  quite  possible,)  a  veering  in  the  strike  reducing 

the  distance  between  the  holes  at  right  angles  thereto. 

135.  Ophite,  scoriaceous  on  top  with  a  very  well  marked  decrease  of  the 
mottling  below,  at : 

125,    132,    141,    142,    148,    161,    168,    171,    186,    191,    211  feet,  there  are 
Mottles  2,        3,        4,    3-4,    4-5,    2-3,    4-5,        5,        3,    2-1,    ^  mm. 
There  is  a  curious  band  just  below. 
Arc.  14,  340-363  scoriaceous    -363 -f- 
Arc.  15,  101-112  Amygdaloid  -212  (109) 

136.  Scoriaceous  amygdaloid;  scoriaceous,  brecciated  on  top,  with  a  seam  of 
epidote  and  copper  at  the  base,  possibly  belonging  to  the  ophite  below. 

Arc.  15,  212-248,  36  (35) 

This  and  the  belt  109  feet  above  are  about  the  same  level  as  a  scoria- 
ceous conglomerate  in  the  Atlantic  cross-cut  assigned  to  eg.  5?  and  about 
630  feet  below  6?     But  cf.  also  Belt  139. 
These  scoriaceous  tops  occur  all  along  here. 

137.  Ophite,  the  top  seamed  and  banded,  the  base  a  well-marked  dark  ophite. 
At  314,  2  to  3  mm.,  at  325,  1  mm.,  at  327  contact. 

Arc.  15,  248-327,  79  (77  +  ) 

138.  Ophite,  marked  for  so  small  a  flow;  at  334,  2  mm.,  at  344,  1  mm. 

Arc.  15,  327-331  Amygdaloid  -355  (28) 

139.  Ophite,  with  characteristic  scoriaceous  top,  at: 

370,    379.    389,      402,    433,    443,    448,    453  feet 

1,    2-3,    2^-3,    3-4,        3,        2,    1-2,      1-^  mm.  mottles 
Arc.  15,  355-364  Amygdaloid  459,  104  (102) 

Arc.  16,    63-  92 
Cf.  the  bed  at  the  top  of  Isle  Royale  mine  d  11 


Below  Conglomerate  5  (513) 

6  perhaps  (663) 

8         "  (1468) 

140.     Basic,  amygdaloidal  or  scoriaceous  conglomerate.     Number  (4)? 

This  may  be  correlated  with  the  first  conglomerate  on  the  Atlantic 
cross-cut  to  the  northwest  18  feet  across,  there  provisionally  correlated 
with  Marvine's  No.  4. 

Arc.  15,  459-483+,  24-  (24) 

Arc.  16,  92?-115?    23 

Hole  15  shows  the  "characteristic  amygdaloid  conglomerates"  below 
Conglomerate  6  very  well.  They  are  intimately  associated  with  well- 
marked  ophites,  and  the  scoriaceous  character  seems  to  be  associated 
with  the  more  augitic  flows  while  the  more  feldspathic  are  more  coarsely 
amygdaloid  throughout. 
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Arc.  16  begins  in  :in  ophite  that  is  growing  finer  and  at  Arc.  Hi,  92? 
passes  into  a  scoriaceous  brecciated  bed  like  that  at  Arc.  15,  45-9.  This 
correlation  fits  perfectly  with  the  correlation  of  Arc.  14,  340  and  Arc. 
15,  101,  and  implies  a  dip  of  51  °  if  there  is  no  change  in  strike  or  dip.  It 
would  require  a  change  of  27°  in  strike  to  produce  the  effect  of  apparently 
flattening  the  dip  from  56°  to  51°,  but  the  conglomerates  on  Section  29 
seem  to  veer  nearly  that  much  and  strike  nearly  N.  63°  E.  In  case  the 
direction  of  the  drill  holes  is  that  much  out  from  being  at  right  angles 
to  the  strike  the  thickness  should  be  reduced  about  one-tenth,  to  about 
nine-tenths  of  their  present  value.  While  1  think  some  such  correction 
is  needed  the  amount  of  this  correction  is  so  uncertain  that  I  have  not 
done  so,  and  in  Hole  16  no  correction  has  been  applied  to  the  beds  at  all. 
Below  Conglomerate  5  (537)?-10% 

6  (677)?-10% 

8  (1593)-? 

140A.  Fault  clay,  red  clay  and  scoriaceous  top  of  belt  below. 

At  Arc.  16,  115  is  a  red  clay  sludge  under  which  is  a  mixture  of  fine 
grained  trap  and  scoria,  and  from  124  to  134  it  continues  rather  soft  and 
clayey.  At  142  it  is  a  fine  grained  and  laumontitic  trap.  At  153  there 
are  fragments  of  scoriaceous  conglomerate  and  red  mud  and  again  at 
192  feet,  so  that  the  boundaries  of  the  belts  are  very  arbitrarily  taken. 

141.  Ophite,  crushed,  with  scoriaceous  trap? 

Arc.  16,  115-124,  109?  .  109? 

142.  Ophite  with  scoriaceous  top,  decomposed  and  fissured  down  about  to  240. 

At  257,    274,    284,    306  feet 

Mottlings  of       2,    3-4,    3-4,        3  mm. 
Arc.  16,  224-314  90 

143.  Melaphyre,  with  9  feet  amygdaloid,  tends  to  be  a  fine  grained  trap, 
faintly  ophitic  at  the  base  371. 

Arc.  16,  314-375  71 

Below  Conglomerate  5?  (797)-10% 

"  6?  (937)-10% 

144.  Ophite  with  scoriaceous  top  (practically  basic  conglomerate)  down  to 
394;  at  417  there  is  red  sand  and  at  429  feet  1  foot  of  red  clay  (fluccan). 
Cf .  perhaps  Isle  Royale  consolidated  Bed  43. 

At    430,    444,    456,    471,    499,    504  feet 
The  mottles  are  4-5,        5,        5,        9!  2-3,        2  mm.  across 
Arc.  16,  375-515  140 

145.  Ophite,  amygdaloidal  top  only. 

Arc.  16,  515-533 -f- 

146.  End  of  Hole  16. 

Below  Conglomerate  5,    probably  not  far  from  (945)_io%  ft. 

6,  "  "      "       "  (1095)-10% 

The  end  is  probably  about  600  feet  or  more  above  the  horizon  of  the 
Baltic  lode. 

The  Arcadian  section  tlins  covers  the  whole  of  the  Central  group. 
I  estimate  about  479  feet  in  8,500  or  1  foot  in  18  or  5.65%  is  sedi- 
ment as  against  415  feet  in  6,247  or  6  feet  in  15  or  6.65%  on  the 
north  shore  of  Lake  Superior  (in  Isle  Royale).  The  section  of  the 
beds  above  througli  the  Ashbed  and  up  into  the  Eagle  River  series 
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is  given  by  the  sections  in  Volume  I,  grouped  as  XV  and  lias  been 
further  exjilored  by  recent  drilling  of  the  Franklin  and  otlier  com- 
panies. 

The  Arcadian  section  above  given  also  goes  quite  a  distance  into 
the  Bohemian  Range  group  but  not,  as  I  believe,  to  Marvine's  Con- 
glomerate 3.  The  Arcadian  was,  however,  reiorganized  and  the  New 
Arcadian  drilled  and  has  put  in  a  shaft  and  cross-cut  farther  east 
in  Section  20.  (See  PI.  IX.) ^  Taking  the  Central  group  alone 
it  is  interesting  to  compare  this  section  with  Manitou  7.  We  have 
DO  Wds  here  as  against  115  and  perhaps  a  few  more  there.  We 
have  the  Greenstone  practically  run  out  here,  whereas  from  No. 
9  conglomerate  to  No.  8  is  practically  constant  when  we  allow  for 
the  fact  that  faults  are  likely  to  disturb  both  series — 3,015  feet 
here  as  against  about  2,8.00  feet  there.  In  both  cases,  and  all  along 
the  range,  tlie  amount  of  sediment  is  almost  inappreciable.  The 
succession  of  beds  must  have  been  very  rapid.  This  is  the  last 
really  complete  section  of  the  Central  group  until  the  Winona. 
From  this  point  south  the  center  of  interest  and  exploration  has 
shifted  lower  down — to  the  Bohemian  Range  group.  That  there 
is  any  reason  for  this  in  the  distribution  of  the  copper  itself  may 
be  doubted,  since  it  may  be  explained  by  the  depth  of  glacial  cover- 
ing, and  the  accidents  of  development. 

§13.     QUINCY-HANCOCK  (FIG.  4.3. i) 

The  various  sections  of  XV  of  Volume  I  lead  us  from  the  Frank- 
lin Junior  and  Arcadian  to  the  Quincy  and  Hancock  mines  which 
overlook  Portage  Lake.  This  winds  like  a  river  through  the  range 
but  does  not  seem  to  mark  as  a  whole  any  profound  break. 

There  is  some  uncertainty  in  the  section  near  it  owing  to  pos- 
sible faults,  but  the  upper  beds  have  been  well  exposed. 

The  Swedetown  Creek  section  exposes  what  seems  to  be  the 
Freda  sandstones.  These  are  underlain  by  the  Nonesuch  shale 
group,  a  series  of  alternating  brown  or  green  flags  and  gTeen  to 
black  shales,  quite  micaceous  and  exposed  near  the  powder  houses 
^vith  about  the  same  strike  and  dip.  Then  succeed  the  "Leopard" 
sandstones  of  the  Old  Hancock  quarry.  This  seems  to  be  the  same 
series  exposed  in  the  creek  near  the  Old  Atlautic  stamp  mill  op- 
posite or  lower  if  anything.  On  the  average  these  beds  dip  23°  30' 
to  N.  51°  W.,  at  which  rate  the  mile  covered  would  not  amount  to 
more  than    (2,100)    feet. 

We  next  come  to  a  series  of  conglomerates    and    amygdaloids 

1  In  envelope. 
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exposed  iu  the  Hancock  vertical  shaft  and  on  the  hillside  near 
it.  So  far  as  I  know  no  trap  or  amygdaloid  occurs  above  the  be- 
<>inning  of  tliis  shaft. 

The  Hancock  vertical  shaft  begins  in 
Conglomerate  No.  22  of  Volume  I,  Plate  XIX  210  feet 

Amygdaloid  5 

Trap 

Conglomerate  No.  21  and  sandstone  to  291 

dark  red  with  much  basic  matter  (1  mm.  conglomerates  or  arkoses). 

This  will  include,  then,  Marvin's  conglomerates  18-22  which  cor- 
respond to  something  like  (1,200)  feet  of  thickness  according  to 
the  mean  dip  and  should  bring  us  down  to  the  Hancock  vein  of 
the  No.  1  shaft  and  of  Volmne  I,  Part  II,  page  83,  the  second 
amygdaloid  (93)  feet  under  the  Hancock  west  conglomerate  No. 
17,  just  about  the  horizon  of  the  old  Atlantic  mine.  A  number 
of  sections  from  No.  17  down  to  the  Pewabic  lode  are  given  in 
Volume  I.  (See  also  the  Arcadian  section,  and  I  believe  various 
cross-cuts  have  exposed  it  since.)  The  Hancock  vertical  shaft  and 
various  cross-cuts  thereto  will  well  expose  this  part  of  the  section. 
Figure  43  gives  a  cross-section  of  the  Quincy  mine  long  cross-cut 
into  the  foot.  The  ventilation  in  part  of  this  was  not  good,  and 
the  fumes  of  nitroglycerine  gave  me  a  sick  headache,  so  that  I  do 
not  feel  as  much  confidence  in  this  section  as  in  Siome. 

Sp.  17999  is  from  a  drill  hole  a  short  way  into  the  hanging  of 
the  Pewabic  lode  of  the  Quincy  mine.  The  augite  is  in  patches 
or  interstitial  areas  may  be  of  polysynthetic  individuals.  The  aver- 
age diameter  of  these  patches  is  1.3  mm.  The  plagioclase  seems 
to  be  between  Ab.,  An^  and  Abo  An^  and  is  therefore  oliogclase. 
Compound  albite  Karlsbad  individuals  are  grouped  together  and 
are  1  to  1.2  mm.  long  by  0.3  mm.  wide.  The  olivine  is  conspicuous 
and  is  about  0.75  mm.  across.  The  chlorite  is  in  botryoidal  aggi'e- 
gates  filling  the  cavities.  The  spherules  show  strong  dispersion 
and  the  extinction  is  sometimes  plus  and  sometimes  minus.  The 
thickness  of  the  section  judging  from  the  retardation  of  about  400 
for  augite  and  111  for  feldspar  is  .017  mm.  The  chlorite  seems 
to  have  a  birefraction  of  about  .018.  It  seems  to  be  copiously 
mixed  with  zoisitic  epidote  whose  refraction  is  greater  than  augite 
and  about  like  chlorite.  The  olivine  is  all  changed  to  iron  oxides 
and  green  chloritic  or  serpentine  substance. 
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ISLE  ROYALE  CONSOLIDATED  MINING  COMPANY. 

AND  PL  X.) 


(FIGS.  44  AND  45 


Overloioking  Portage  Lake,  the  town  of  Houghton  and  the  Col- 
lege of  Mines  are  bluffs  on  which  stands  the  property  of  the  Isle 
Koyale  Consolidated  Mining  Company.  The  following  section  from 
their  notes  is  one  of  the  most  detailed  of  the  Bohemian  Range 
group  below  Conglomerate  8.     It  is  an  important  section  because 
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just  here  the  numbers  to  Conglomerate  1  to  8  were  first  assigned.^ 
The  section  is  practically  complete  and  continuous  -with  the  excep- 
tion of  a  small  gap  below  Conglomerate  8,  which  we  have  patched 
in  as  shown.  It  is  noteworthy  in  that  this  is  the  first  extensive 
section  in  the  Bohemian  Range  group  since  the  Mendota  and 
Montreal.  There  is  a  hea^^^-  ophite  at  the  Montreal  1,608  feet  down 
and  one  here  about  2,000  feet  down.  Here  it  is  not  over  400  or 
500  feet  more  to  the  Baltic  conglomerate  3,  while  in  the  Mendota 
section  it  is  1,400  feet  from  the  first  ophite  to  the  Lac  la  Belle  con- 
glomerate. If,  however,  we  suppose  the  very  thick  ophite  just 
above  to  be  the  Mabb  Ophite  we  might  get  nearly  accordant  figures. 
There  seems  to  be  no  reason  why  the  Lac  la  Belle  conglomerate 
may  not  be  the  same  as  the  Baltic,  and  the  mining  done  on  Sec- 
tions 31  and  32,  T.  58  N.,  R.  29  W.,  and  Sections  35  and  36,  T. 
58  K,  R.  30  W.  be  at  a  horizon  not  far  from  that  of  the  Baltic 
lode,  though  largely  on  fissure  veins,  to  be  sure. 

The  detailed  record  of  the  work  around  Houghton  follows  and  is 
illustrated  by  Figure  44.  The  section  (above)  is  pretty  well  com- 
pleted by  exposures  in  Houghton,  studied  in  Volume  I  of  these  re- 
ports. 


GEOLOGICAL  CROSS-SECTION   AND   COLUMN   OF   THE   ISLE   ROYALE 
CONSOLIDATED.     (FIGS.  44'  AND  45.) 

Abstract.     Isle  Roijale  drill  hole  4.     Paralleled  by  Holes  5,  7,  8,  and  holes  from 
drifts  in  the  mine,  e.  g.,  5.     13  level  S.  of  No.  2. 

Beds  1-8     Feldspathic  ophites  and  melaphyres 

No.  3  is  hanging  of  Isle  Royale  lode, — above  No.  8  (483) 

Bed  9.     Conglomerate  5  d  4.     990-1024     d  5.     995-6 

Beds  10-17.     Unexplored  gap.     Conglomerate  8  to  drill  hole  12, 

Isle  Royale  drill  hole  12. 
Beds  18-21.     d  12.     1-148 
Bed  22.     Conglomerate  6  d  12.     148-150 

Base  below  Conglomerate  8  (721) 

Beds  23-30.     Amygdaloids  and  small  feldspathic  ophites  d  12.     150-12.     365 
31.     Conglomerate  5,  d  12.     365-387  (23) 

Base  below  6  '  (237) 

32?  and  33.     Amygdaloid  conglomerate  -437  (50)  73 

34.     5  mm.  ophite  (69 -|-); 
(35  &  36)  5  mm.  ophite  (85); 

37.     (4  mm?)  ophite  100?;  d  12.     692  and  d  .11.     88 
Base  of  Hole  12  below  31  (no  allowance  for  faulting)  (305) 

Ophites  show  mottles  down  to  1  mm.  and  less. 

1  Vol.  I,  Pf .  II,  pp.  62-63,  table  p.  60.     Pis.  XIV  to  XIX. 

2  Fig.  44  is  in  envelope. 
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Isle  Royale  drill  hole  11.     Laps  No.  3  at  bottom.     395  feet  below  base  of  a  con- 
glomerate outcrop,  which  is  31-33. 

38.     ilfamne's  Conglomerate  4  (12)  d  11.     88-100 

Base  below  base  of  22  (552) 

38.     A.  eg.  &  39  3  mm.  o.  (90);  40  and  41  2  mm.  o.  (84);  42  2  mm.  o. 
(64) ;  all  small  ophites  with  A.  eg.  top. 
43.     Felsitic  conglomerate  d  11.     346-368  trace  of  copper. 
Base  below  base  of  38  (268) 

44.     2  mm.  o.  (36?);  45  A.  eg.  &  46,  3  mm.  o.  (75);  47  A.  eg.  &  48  5  mm. 
o.  (95);  49  tod  11.     574 

49.     dll.     574  to  499;  d  3.     180-274;  d  9.     15-62  (94) 

Base  below  base  of  38  (568) 

Isle  Royale  drill  hole  9.     Laps  3,  13  and  14  in  part;  crosses  Mabb  ophite. 

50.     2  mm.  o.  (65);  51  5  mm.  o.  (115)  to  d  9.     232  and  d  3.     463  below 
base  of  38  (748) 

52.     Mahb  ophite  8  mm.  d  9.     232-451,  d  3.     463-706,  d  14-172,  d  13. 
400-513  (219-f-) 

below  base  of  38  (969) 

55,  56,  57,  58.     Feldspathie  melaphj-res  to  d  9.     550 
Base  below  base  of  Mabb  ophite  (99  to  183) 

59.     Signs  of  copper  common  horizon  of  Baltic  lode 
60. 

61.     Baltic  conglomerate  Xo.  3,  d  9.     614-685;  d  3.     879-891;  d  14. 
282-373  _  (71) 

Base   below  base  of   Mabb  ophite  (234) 

,    "  "  "       "  Bed  38  Cg.    (4)  (1201) 

"  "  "       "     "     22      "    (6)  (1753) 

Possibly  repetition  of  31  to  33 

62.  (29); 

63.  2  mm.  (66); 

64.  S.  cg.  and  65  2-3  mm.  (49)!?; 

66.  (36); 

67.  (33); 

68.  (4  mm.)  226? 

69.  1  m.  (20); 

70.  1  mm.  (30); 

71.  5  mm.  (173); 

72.  8  mm.  (213);  above  beds  appear  to  be  41  to  52  repeated  faulted. 


Isle  Royale  drill  hole  4.  At  an  angle  of  34°.  Elevation  about  930  above  tide. 
300  ft.  E.,  500  ft.  N.  of  the  W.  J  post  of  Sec.  11-54-34.  The  indications  on  the  sand- 
stone conglomerate  seams  at  the  bottom  and  the  epidotic  seams  at  747  ft.  etc.,  are 
that  the  hole  cuts  the  beds  at  an  angle  of  about  64°;  and  a  steeper  dip  than  at  right 
angles  to  the  hole  is  required  in  order  to  make  the  correlation  with  the  lode  in  shaft 
No.  6  and  the  conglomerate  860'  S.  of  the  W.  J  post  of  Sec.  11.  Assuming  the  beds 
cut  the  hole  at  64°  we  have  to  take  .9  of  the  width  for  the  thickness.  This  would, 
however,  imply  a  dip  for  the  beds  of  71°  which  is  too  great.  The  true  thickness  is 
probably  somewhat  greater. 
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1.  Feldspathic  ophite  (74  +  )  (100?) 

Trap  d  4.     50-124 

Fine  grained  at  fii'st;  coarse  feldspathic,  2-3  mm.  mottles  at  60-85,  with 
an  amygdaloid  inclusion  at  85,  then  darker,  harder,  finer.  This  may  also 
be  the  fii'st  bed  in  No.  5,  but  there  the  glomeroporphyritic  base  is  much 
more  distinct,  small  1-2  mm.  epidotized  greenish  feldspars  occurring  on  a 
red  ground,  and  it  is  possible  that  a  fault  crossing  No.  5  has  brought  in 
higher  beds.  Cf.  Bed  92  in  the  Arcadian  section,  about  2,000  ft.  below  the 
Wolverine  sandstone,  Marvine's  Conglomerate  9. 

2.  Feldspathic  melaplm'e  (108) 

Amygdaloid  d  4.     124-135 

Slightly  porphjTitic.     Cf.  No.  5.     87-104 
Trap  d  4.     135-244 

Occasional  pink  amygdules  of  prehnite  (?)  and  green  flinty  inclusions. 
The  mottling  at  coarsest  is  very  vague,  though  it  can  be  seen  to  grow 
finer  toward  the  base.  Specks  2  mm.  across  of  altered  olivine  are  plenti- 
ful. Hole  5  is  in  the  same  belt  perhaps  between  d  5.  124  and  240.  Be- 
tween 240  and  248  there  is,  however,  a  marked  slip  and  this  may  be  some 
higher  bed.  It  is  characteristic  in  No.  5  that  the  feldspar  laths  are  long 
(2  mm.,  in  one  case  10  mm.),  the  chlorite  flecks  plain,  and  the  core  long, 
•with  epidote  seams  and  signs  that  the  dijD  is  nearly  vertical. 

3.  Feldspathic  ophite  (184) 

Amygdaloid  d  4.     244-254 

Coarse,  poor.     Cf.  Hole  5.     240-248 
Trap  d  4.     254-449 

The  augite  mottling  is  faint:  at  278,      314-354  ft., 
the  grain  is    2-3,  5-7     mm. 

The  feldspar  is  at  436  ft.  1-3  mm.  long. 
The  olivine  is  at  314  ft.  0.5  mm.,  above  436  ft.  1  mm.  and  conspicuous. 

Toward  the  base  the  hard,  dense,  faintly  mottled  trap  with  long  cores 
is  characteristic.  Cf.  Winona  d  10.  484-615.  Between  441  and  445 
there  is  a  slightly  amygdaloidal  seam.  This  hea\-y  bed  is  the  well-marked 
hanging  of  the  Isle  Royale  lode,  coming  between  it  and  the  Grand  Portage^ 
in  section  11,  18-1-81  ft. 

It  is  well  shown  in  Hole  8.     1-226,  where  also  the  mottling  is  from  5-7 
mm.,  and  in  Hole  5,  240-435,  with  mottling 
at  243,      348,      400,      405,      422  ft. 

respectively      1,  7,  3,  1,  0  mm.  across 

Base  of  top  of  Isle  Royale  lode  to  top  of  No.  8  conglomerate  (482) 

Cf.  Hubbards  (542)  to  base,  and  Marvine  (pp.  65-66)  10  +  355  +  7-1-150-1- 
-=512  + 
It  is  probable  that  we  have  used  a  little  too  large  reduction  factor. 

4.  Feldspathic  ophite.     Isle  Royale  lode  and  foot.     Arcadian  (96) 

(probably  a  gush  of  the  overlying).  (84)  to  (93) 

Breccia  d  4.     449-455 

This  is  the  Isle  Royale  lode.     There  is  copper  at  440.     In  No.  5  the 
copper  is  at  446.     It  is  fine  grained,  red  glomeroporphyritic,  like  numerous 
holes  in  the  mine  running  into  the  foot. 
Trap  d  4.     455-542 

>  Marvine,  p.  64,  the  abundant  small  flecks  of  red  mica  of  Marvine,  rubellan  of  Rominger, 
V,  p.  94,  114,  are  the  altered  olivine. 
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Faintly  ophitic  from  1-2  mm.  at  490.  up  to  3  mm.  at  495,  then  finer. 
A  number  of  holes  show  up  this.  Hole  5  of  13th  level,  S.  of  No.  2  shaft 
shows  a  faintly  mottled  trap  3  mm.  at  30,  at  78  to  90  2  mm.,  with  epidotic 
amygdaloid.  In  general  the  mottling  gets  up  to  2  to  3  mm;  not  more, 
and  there  are  prehnite  bands  and  amjgdaloid  inclusions.  Hole  5  on  Sec. 
15  is  ophitic  from  464  on  but  faintly. — 2  mm.  at  500.  The  feldspar  is 
0.5  mm.  and  the  hand  lens  shows  altered  olivine.  From  d  5.  517-548 
appears  a  separate  flow.  From  d  5.  517-579  a  gray  amygdaloid  with 
laimiontite  and  calcite  amygdules.  then  a  fine  trap  with  2  mm.  feldspar 
and  epidote  seams  at  31  °  to  nole  (71  °  dip)  and  occasional  amygdules  1 
mm.  across.     Ma^^■ine's  Section  1 1  makes  this  1 5  to  50  lode  -I-  69  melaphj-re. 

The  marked  red-brown  character  of  the  amygdaloid  underhing  it,  that 
is  the  top  of  5,  is  noted  by  Marvine. 

5.  Feldspathic  ophite  (160)  to  (180) 

Amygdaloid  d  4.     542-550 

Marked,  red.  Cf.  No.  5  at  516  ft.  Also  No.  5.  on  13th  level.  S.  of 
No.  6  shaft  7S-90. 

There  are  other  streaks  of  amygdaloid  at  561-567.  and  583-585,  with 
occasional  coarse  pink  radiating  prehnite  (or  thomsonite)  amygdules  to 
594. 
Trap  d  4.     550-722 

With  chloritic  specks.  The  mottles  are — 
at  594-612,  622-658.  686.  707  feet. 
about       2-3.  5  5-7,  2  mm.  across. 

The  decrease  of  mottUng  from  686-722  is  quite  uniform.  Drill  hole  No. 
5  has  a  poor  amygdaloid  at  548-551,  and  occasional  coarse,  large,  pink  and 
green  (thomsonite  or)  prehnite  amygdules  to  571.  that  is  for  the  upper 
55  ft.  corresponding  to  d  4.  542-594,  then  faintly  mottled  to  591,  then  a 
green  amygdaloid  d  5.  591-594,  then  occasional  green  and  white  specked 
large  amygdules  and  a  fine  grained  trap  to  613,  then  green  and  white  hard 
amygdaloid  and-  inclusions  to  d  5.  613-617,  then  fine  grained,  hard 
feldspathic  trap  to  634,  then  veined  at  59°  to  42°  to  the  core,  with  amyg- 
daloid specks  and  faint  2-3  mm.  mottles 
At  d  5.  687,      688.      691  feet 

the  grain  is       3,      1-2,  3  mm.  respectively  the  base  being  at  706  feet. 

Then  to  709  a  poor  amygdalofd,  then  a  coarse  feldspathic  ophite  whose 
grain  at  755  and  761  feet  attains  5  mm..  8x4  mm.  respectively. 

It  is  quite  clear  that  this  does  not  match  No.  4  closely  and  either  there 
is  a  rapid  change  in  the  beds  or  the  section  is  somewhat  disturbed  by 
proximity  to  the  fault  on  Sec.  16.  This  latter  supposition  is  probably 
true  and  according  to  the  mottles  d  5  at  755  might  correspond  to  d  4  either 
at  686  or  at  780. 

It  will  be  noted  that  Marline  reports  an  amygdaloid  150  ft.  below  the 
Isle  Royale  lode. 

6.  Feldspathic  ophite  (128)  to  (115) 

Amygdaloid  d  4.     722-730.     Cf.  d  5.     706-709 

Marked,  poor;  amygdules  greenish  white  and  gray. 
Trap  d  4.     730-850     d  5.     709  to  725-848 

Chloritic  specks,  epidote  seams  at  about  64°  to  core.  There  are  faint, 
coarse  5  mm.  mottles  at  d  4.  780  which  are  comparable  with  5  mm. 
mottles  at  d  5.  755.  This  may  be  two  close  following  flows  or  gushes 
of  the  same  flow,  for  at  d  4.     801  it  seems  finer  and  there  is  an  amygda- 
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loid  inclusion  and  at  d  5.     778-781  is  a  coarse  amygdaloid  and  at  d  5. 
783-785  is  a  prehnitic  amygdaloid.     The  feldspar  is  about  1  mm. 
Feldspathic  ophite  (113)  to  (101) 

Amygdaloid  d  4.     850-853;  d  5.     848-853 

Dip    of  amygdaloid   bands   37°  against  core.     All  these  amygdaloids 
are  of  one  type,  thin,  gray,  hard  siliceous,  coarse  with  large  amygdules. 
Trap  d  4.     853-963;  d  5.     853-969 

Coarse  massive  trap,  the  faint  ophitic  mottling  hardly  visible;  estimated 
at  5  mm.  at  d  5.     947 
Feldspathic  ophite  (27)  to  (24) 

Amygdaloid  d  4.     963-975 
Coarse  white  and  gray  amygdaloid 

Cf.  both  d  5.     985-8  and  d  5.     969-973 
Trap  d  4.     975-984;  d  5.     973-985 

Mottling  coarse  and  faint 
Amygdaloid  (base  above  conglomerate)    d  4.     984-990; 

d  5.     985-995 
Cf.  Arcadian  105 


'   END  OF  CENTRAL.  BEGINNING  OF  BOHEMIAN  RANGE  GROUP. 

The  beds  of  Winona  drill  hole  10  match,  (being  feldspathic  ophites  or  melaphyres 
with  a  glomeroporphyritic  margin),  these  beds  above  conglomerate  8,  and  the  green 
and  white  amygdaloid  tops  and  inclusions  hard  to  distinguish  from  them  are  like 
those  met  in  Ai-c.  d.  3. 

9.     Conglomerates.  (34?)  or  (30±)? 

d  4.     (984  or)  990-1024.     d  5.     995-6 

From  984-990  is  a  transition  to  an  epidotic  conglomerate,  the  pebbles 
of  felsite  are  also  well  marked.  There  are  also  sandstone  beds  which  dip 
(CO.  29°,  26°,  24°)  about  65°  against  the  core,  suggesting  that  the  hole 
may  have  flattened  a  good  deal,  and  the  correlation  with  No.  8  conglom- 
erate in  the  west  line  of  the  section  860  S.  of  the  \  post  also  suggests  either 
this  flattening  or  a  steeper  dip.  There  may,  therefore,  be  a  deduction  of 
not  over  10%  to  allow  from  the  thickness.     Base  below  top  of  Isle  Royale 

lode  (542)  to  (482) 

This  is  a  conspicuous  datum  plane,  being  the  first  important  conglom- 
erate for  over  2000  feet,  and  is  identified  as  the  first  below  the  Arcadian 
lode,  and  also  the  first  below  the  Winona  and  King  Philip.  It  is  char- 
acteristic that  the  beds  in  the  neighborhood  have  a  rather  feldspathic 
habit,  and  when  they  show  the  ophitic  mottling  the  pattern  is  faint  and 
can  generally  be  recognized  only  in  the  large  flows,  not  in  the  smaller  sizes 
in  which  the  augite  patches  are  all  cut  up  by  the  feldspar.  Coarse  amyg- 
daloidal  spots  with  pink  prehnite  are,  as  Pumpelly  remarks,  also  char- 
acteristic. 


10. 


Amygdaloid  d  5.     995-1017  + 

None  of  the  recent  Isle  Royale  Consolidated  holes  show  the  section  be- 
tween Conglomerate  8  and  Conglomerate  6  completely.     According  to 
Marvine  this  is  896=566  +  332  or  at  a  55°  dip  (736)=(464)  +  (272)  ft. 
Hubbard  says  860  or  (722)  at  a  57°  dip. 
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But  Ave  may  patch  up  the  probable  section  in  detail  as  follows,  using 
the  earlier  explorations,  and  other  records. 
9.         Conglomerate  8.     Arcadian  106.     Marvine  p.  68.     Yielded  some  copper. 
Cross-section  II  h         (12) 

Covered  in  II  h  (168) 

10.  Just  entered  in  Hole  5  (85) 

(covered  in  II  b)  85 

Arcadian  107  is  a  doleritic  ophite  d  9.     133-266  (130)  ft. 

11.  Amygdaloid  (II  b,  notes  of  A.  B.  Wood)         (5)  (85) 

(covered  in  II  b  85) 

Arcadian  108  is  a  clasolitic  melaphyre,  feldspathic 

Arcadian  d   9.     266-293  (26) 

"Ancient  Pit"  or  "Foster  Mass"  Amygdaloid  II  h,  II  i  17  (117) 

12.  Some  copper  found;  brecciated  in  appearance,  with  quartz,  prehnite  and 
calcite  fiUing  the  cracks,  many  ancient  w^orkings.  It  is  thus  168  to  175  ft. 
below  Conglomerate  8. 

Covered  in  II  h  are  102  ft.  to  Capen  vein 

Covered  in  II  b  are  255  ft.  to  24  ft.  of  conglomerate  with  sandstone 
on  the  upper  side. 
Arcadian  109  is  a  melaphyre,  gray,  green  and  epidotic. 

Arc.  d  9.     293-310  (17) 

13.  "Capen  vein"'  Foot  3+  (50?) 

14.  Ophite.     Arcadian  111  is  a  marked  ophite  with  J  mm.  mottling        (103-) 

at  Arcadian  d  9.     335-365  (27  ft) 

Marvine's  section  Ilg  shows  two  belts  of  "slightly  shimmering"  com- 
pact dark  trap,  with  considerable  magnetite,  beneath  the  Capen  vein, 
the  second  75-125  ft.  below.  These  same  minutely  mottled  ophites  oc- 
cur on  the  north  line  of  Section  1,  well  exposed  near  Agate  St. 

Arcadian  112  is  a  seam  of  sediment  of  basic  sandstone  or  shale,  only 
(227)  ft.  below  Conglomerate  8.  It  is  probably  intimately  connected 
with  Arc.  114,  an  epidotic  sandstone,  though  separated  by  Arcadian  113 
d3.     365-395  + 

15.  Conglomerate  (lib)     No.  7.  (24) 

This  appears  to  be  unusually  thick 

Base  below  base  of  No.  8  according  to  Marvine  (464)  ft. 

See  also  Hubbard  p.  108  and  107         510  ft.  horizontally  or  (420)  + 

Cf.  Arcadian  114  at  d  10.     40-43 

In  section  (II  b)  the  next  interval  below  Cg.  7  is  covered  (260)  ft.  down 
to  a  3-foot  conglomerate,  which  is  supposed  to  be  (6),  so  that  we  can  not 
exactly  tell  what  the  intervening  beds  are  except  as  the  new  Hole  12  in- 
forms us. 

Below  No.  7,  i.  e.,  Arcadian  114,  there  follows  in  the  Arcadian  section 
a  series  of  8  thin  amygdaloidal  and  glomeroporphyritic  flows,  and  three 
fair-sized  feldspathic  melaphyres;  in  all  804-267  (537)  ft.  These  are  not 
unlike  the  beds  at  the  top  of  Hole  12,  but  the  record  probably  is  disturbed 

>Marvine  II  h  and  II  g  apparently  a  fissure  vein?  "Seams  of  calcite,  prehnite,  laumontite 
and  fibrous  chlorite  with  flakes  and  sheets  of  copper." 

Arcadian  bed  110  a  marked  ophite  (more  so  than  for  a  long  distance  above)  the  mottling 
showing  clear  down  to  1  mm  ,  the  top  brecciated  and  reminding  one  of  the  ancient  pit.  The 
melaphyre  of  the  Capen  vein  is  also  an  ophite,  and  minute  mottling  may  be  seen  on  the  N. 
line  of  Section  1. 

The  Capen  vein  may  cross  not  only  this  amygdaloid,  but  further  north  Conglomerate  7.  See 
Hubbard,  Volume  VI,  Part  II  p.  1.S2. 

Underneath  (II  g)  is  a  melaphyre  "ohimmering," — an  ophite,  dark,  compact,  and  with  mag- 
netite, apparently  a  heavy  bed. 
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by  faulting.  Marvine's  section  II.  g  also  shows  only  2  fine  grained  aniyg- 
daloids  in  its  lower  part  down  to  250  below  the  Capen  vein  (205)  .4.  Mar- 
vine  gives  a  conglomerate  about  500  ft.  horizontally  below  (410)  the 
Capen  vein,  which  should  accordingly  be  (410-50-103)  (257  ft.)  below  No. 
7.  In  lib  the  interval  is  (2(i0)  ft.  Hole  12  begins  140  ft.  (less  15  ft. 
overburden)  above  No.  6,  and  shows  three  beds  in  these  (125)  feet.  There 
may  be  something  like  7  beds  then  in  the  interval  between  Conglomerate 
7  and  6  which  seems  thus  to  be  characterized  by  small  feldspathic  beds 
as  follows: 

16.  First  amygdaloid  below  Conglomerate  7  (Marvine  II  g)  shows  stains  of 
copper  carbonate  50  ± 

There  is  some  copper  at  about  this  level  at  the  Arcadian  in  beds  115-123. 

17.  Second  amygdaloid  below  Conglomerate  7  (II  g)  green,  silicious,  chloritic. 

50  ± 

Is  Isle  Royale  d.  12  15-50  (Amygdaloid  above  hole,  trap)  57 :t 

Is  Isle  Royale  d.  12  50-63  amygdaloid,  -68  trap  18 

Is  Isle  Royale  d.  12  68-72  amygdaloid,  -120  trap  52 

Is  Isle  Royale  d.  12  120-135  very  epidotic  amygdaloid,  -148  trap  28 

Is  Isle  Royale  d.  12  148-150  felsitic,  epidotic  conglomerate  d  6  2 

Base  from  base  of  No.  7  about  257  ft. 

17  and  18,  may  be  the  same  bed.     16,  17  and  18  are  not  represented  in  the  cores. 


Isle  Royale  drill  hole  12.  At  an  angle  of  35°.  Elevation  about  950  above  tide, 
700  ft.  S.,  300  ft.  E.  of  the  S.  \  post  of  Section  1-54-34.  About  1290  ft.  across  the 
strike  from  the  Isle  Royale  lode;  it  should  accordingly  be  about  (1060)  ft.  beneath 
it  or  (518)  ft.  below  the  base  of  No.  8  and  (722)-(518)=(204)  feet  above  Conglom- 
erate 6.  It  ought,  then,  according  to  Marvine's  II  b  section  to  miss  Conglomerate 
No.  7  by  only  54  feet  or  so'.  The  2  or  3  feet  of  conglomerate  in  it  at  148  feet,  (194) 
feet  or  so  beneath,  would  then  be  the  next,  i.  e..  No.  6,  which  Marvine  makes  only 
3  feet  thick.  The  interval  from  7  to  6  Marvine  gives  as  (250)  to  (272)  feet,  however, 
which  is  considerably  greater. 

18.  Feldspathic  melaphyre  d  12.     15-50  (57  +  ) 

Amygdaloid  not  exposed  in  the  hole.     Trap  has  1-2  mm.  feldspar. 

19.  Amygdaloidal  melaphyre  (18) 

Amygdaloid  d  12.     50-63 

Has  yellowish  amygdules  of  ankerite,  then  lower  of  epidote  then  more 
massive 
Trap  d  12.     63-68 

20.  Feldspathic  melaphyre  (52) 

Amygdaloid    d  12.     68-72 
Trap  d  12.     72-120? 

Feldspathic,  finer  from  86  down  to  113.     The  bottom  contact  is  so 
much  epidotized  from  113  to  125  that  the  dividing  line  is  hard  to  fix. 

21.  Feldspathic  melaphyre  (28) 

Amygdaloid  d  12.  120-135 
Very  epidotic  d  12.  120-125 
Trap  d  12.     135-148 

Feldspathic 

'On  the  E.  &  W.  section  line  of  Section  1.  850  ft.  W.  of  the  center  is  an  exposure  of  Cg7  at 
just  about  the  right  position. 

59 
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22.  Conglomerate  6,  of  Marvine  d  12.     148-150  (2) 

Felsitic,  epidotic,  standing  at  about  82°  to  core. 

The  thickness  Marvine  makes  3  feet,  struck  in  II  b,  p.  65,  and  IJ  feet 
in  II  which  is  nearer  Hole  12  while  it  is  reported  only  i  inch  thick  further 
north  and  was  apparently  not  noticeable  in  II  j,  etc.     But  it  either  thickens 

to  the  south  or  some  other  has  been  mistaken  for  it.  

Base  below  base  of  No.  8  (721) 

23.  Melaphyre  (20) 

Amygdaloid  top  apparently  eroded  away 
Trap  d  12.     150-170 

Specked  with  pseudomorphs  of  phenocrysts 

24.  Ophite  (11) 

Amygdaloid  d  12.     170-174 

Very  well  marked 
Trap  d  12.     174-185 

At  first  fine  grained,  epidotic  and  doleritic,  at  178  there  are  \  mm. 
mottles,  and  thereafter  it  is  banded  with  finer  and  coarser  mottles  up  to 
1  mm.,  showing  apparently  irregular  initial  distribution.  This  is  an  ex- 
ceptionally small  bed  for  a  well-marked  ophite. 

25.  Melaphyre  (probably  ophite)  (17) 

Amygdaloid    d  12.     185-192 
Trap  d  12.     192-202 

Specked  and  with  epidotic  seams 

26.  Ophite  '  (58) 

Amygdaloid  d  12.     202-212 

Very  well-marked,  pitmiceous  or  frothy  for  four  inches,  then  poor  and 
mixed  with  flinty  epidotic  trap. 
Trap  d  12.     212-260 

The  mottling  is  distinct.     At  224,    23I,    243,    255  feet 
the  grain  is  1,        2,        2,        1  mm.    respectively,    be- 

ing coarser  above  241. 

Seams  are  numerous,  parallel  to  the  core  and  at  59°  to  it,  i.  e.,  about 
vertical. 

27.  Amygdaloidal  ophite  ^  (45) 

Amygdaloid  d  12.     260-265 

Amygdules  and  amygdaloidal  trap  d  12.     265-305 

From  d  12.  265-280  is  a  specked  poor  amygdaloid  with  small  chloritic 
amj-gdules,  thence  to  305  is  faintly  ophitic  and  amygdaloidal  or  specked — 
it  is  probably  near,  and  altered  by,  a  fissure. 

28.  Amygdaloidal  melaphyre  (19) 

Amygdaloid  d  12.     305?-316 

Greenish  with  much  disseminated  epidote 
Trap  d  12.     316-324 

Specked     with    pseudamygdules,    and    with    gray   epidotic   streaks 

parallel  to  the  core 

29.  Amygdaloidal  melaphyre  (14) 

Amygdaloid  d  12.     324-335 

Gray  and  white  w-ith  yellow  seams  (of  ankerite?) 
Trap  d  12.     335-338 

30.  Amygdaloidal  melaphyre  .  (27) 

Quite  amygdaloid    d  12.     338-345 
Trap  d  12.     345-365 
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At  347-350  near  a  prehnite  vein  which  is  at  26°  to  the  core,  probably 
about  vertical;  brecciated  at  354  also  and  at  357  has  a  datolitic  look. 

From  362-372  the  trap  is  gray  with  yellowish  specks  and  amygdules 
(ankerite?)  with  an  indurated  contact  of  the  trap  and  sandstone  some- 
where here  at  about  365.  Beds  27  to  30  are  quite  likely  7iot  all  separate 
flows,  but  may  be  one  general  amygdaloidal  bed. 


31.     Conglomerate,  Marvine's  5.  d  12.     365-387  (23) 

Sandstone  and  trap  d  12.     365-376 
Felsitic  conglomerate  d  12.     376-382 
Sandstone,  amygdaloid  and  epidote  d  12.     382-387 

Base  below  base  of   No.  6.  (237) 

"       "      "  8  (958) 


32.  Large  amygdaloid  inclusion  or  block?  about  398  (30?) 

33.  Amygdaloid  conglomerate  d  12.     417-437 

With  red  mud  matrix  and  black  and  white  scoria. 

Marvine  makes  Conglomerate  No.  5  24  feet  thick,  evidently  counting  in 
it  only  down  about  to  387.  It  is,  however,  doubtful  if  the  beds  between 
387  and  417  are  an  independent  flow  (though  they  may  be  the  top  of  one) 
or  only  some  large  talus  blocks,  as  it  were,  in  the  amygdaloid  conglom- 
erate. This  horizon  is  notable  as  having  beneath  it  the  first  well-marked 
and  thick  ophite  for  a  long  distance, — No.  34. 

If  we  take  this  as  the  base  of  Conglomerate  5  the  distance  below  Cg. 
No.  8,  is  50  feet  lower.  This  checks  well  with  Arcadian  129.  d  14.  70-80 
and  ophites  begin  pretty  promptly  (Arc.  132)  below  that. 

If  we  count  31  to  33  together  it  has  about  the  same  thickness,  Htho- 
logical  variation  and  small  and  rather  feldspathic  beds  above  and  a  well- 
marked  5  mm.  ophite  below  that  the  Baltic  conglomerate  (No.  3)  has,  and 
it  may  be  a  repetition  by  faulting  of  the  same  bed,  but  there  is  no  reason 
why  there  might  not  also  be  a  rhythmical  occurrence  of  similar  conditions. 

34.  Ophite  4  mm.  (69-h)i 

Amygdaloid  merged  in  the  overlying  amygdaloid  conglomerate 

Trap  d  12.     437"-506 

At  462,    469,    477,    480,    484,    487,        501,    506  feet  the  grain 

is        2,       .3,    2-3,    4-5,    3-4,    (seam)       2,        1  mm.  respectively. 

Down  to  462  is  specked,  decomposed.     At  487  a  strong  seam  nearly  parallel 

to  the  hole  may  well  cut  out  a  little  of  the  bed  or  have  displaced  a  block. 

35.  Amygdaloidal  conglomerate  ?  d  12.     506-510  4 

A  well-marked  amygdaloid  with  yellow-green  epidote  sediment  gi'adual- 
ly  passing  into  amygdaloid.  This  is  hardly  far  enough  from  Conglomerate 
6  to  be  Conglomerate  4,  which  is  according  to  Marvine  (536)  feet  below. 

Base  below  base  of  Conglomerate  6         Bed  22  (360) 

36.  Ophite  4-5  mm.  (81) 

Amygdaloid  d  12.     510-523 

Transition  to  amygdaloid  conglomerate 
Trap  d  12.     523-591 

At  525,  530,  534-539,  544,  551,  560,  562,  565,  574,  578,  587  ft.  the  grain 
is    0.5,1-2,        2      ,3-4,2-3,4-5,3-4,4-5,3-4,      2,  f.  g.  respectively 

»Not  faulted,  about  (100?). 
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At  565  and  580  are  seams  at  about  45°  to  the  core,  (nearly  vertical 
probably)  with  prehnite,  quartz  and  copper.  Otherwise  the  grain  is 
extra  coarse,  extra  close  to  the  bottom.  This  is  equivalent  to  26  ft.  of 
the  dark  melaphyre  under  (358)  ft.  "covered"  of  Marvinc's  cross-section  II. 

Base  below  base  of  Conglomerate  6     591-150        .  (441) 

according  to  Marvine  358  +  26  (394) 

No.  34  may  be  exposed  in  Marvine's  II  e. 

No.  32  is  exposed  in  Marvine's  II  b,  and  is  made  about  (251)  feet  below 

Conglomerate  6,  (in  the  section  on  Plate  XV),  361  or  (292)  by  his  table. 

The  correlation  is  sufficiently  close,  but  it  is  not  apparent  how  the  figures 

of  Marvine's  table  which  do  not  check  so  well  were  obtained. 

Underneath  this  bed  No.  34  begins  a  series  of  good  sized  ophite  beds, 

well  exposed  in  the  Baltic  location  town  site. 
37.     Ophite  3-4  mm.  (101 -I- )  (90?) 

Amygdaloid  d  12.     591-610 

Specked  with  pink  and  white  amygdules  on  dark  ground,  to  594; 
epidotic,  brecciated  -604  (breccia  again  at  610). 

Trap  d  12.     610-692  + 

The  mottling  not  uniform  nor  plain,  1-2  mm.  at  653  and  up  to  3-4 
mm?,  then  1-2  mm.  at  686,  2  mm.  at  692.  It  is  brecciated  at  610-616, 
much  seamed,  and  especially  full  of  red  slips  about  671  where  the  al- 
teration is  so  great  that  the  pattern  of  the  mottling  is  lost  down  to  about 
682  feet.  While  10  or  20  feet  should  be  added  to  the  bottom  before 
the  contact  comes  it  is  probable,  judging  from  the  pattern  of  the  mottles, 
that  that  would  make  the  flow  thicker  than  it  really  is,  and  that  there 
is  some  repetition  by  faulting  at  about  671. 

Bottom  of  Hole  12  below  base  of  Conglomerate  6 

(692-150)  (542) 

(34)     Conglomerate  5?     (692-437)  (255) 

Top  of  Hole  11  below  top  of  Hole  12  770  or  (630)  ft. 

The  top  of  Hole  11  is  also  about  480  (395)  below  the  base  of  a  con- 
glomerate outcrop,  which  is  presumably  (Beds  31  to  33).  It  should  there- 
fore lap  No.  12  and  begin  in  a  3-5  mm.  ophite  which  may  well  be  the  one 
No.  11  ends  in,  that  is  No.  37.  There  is  probably  less  faulting.  In  No. 
11  the  grain  runs  more  uniform. 


Isle  Royale  drill  hole  11.     N.  W.  of  N.  E.  quarter,  3850  ft.  N.,  1760  ft.  W.  of  Sec. 
1,  at  an  angle  of  35°.     Elevation  about  900  ft.  A.  T. 
37,  again.] 

Ophite  d  11.     30-88  (58  +  ) 

Amygdaloid  not  shown 

Trap  (About  100) 

At  30,        38,        55,      66,      75,        85  ft.  the  grain 
is      2,      2-3,      3-5,        2,        1,      0.5  mm. 
At  about  55  ft.  in  it,  it  is  as  coarse  as  anywhere. 

There  are  seams  at  10°  to  core,  and  at  38  and  at  about  77  gaping  chlorite 
seams  parallel  to  core.  Otherwise  it  is  not  much  broken.  The  same  bed 
as  the  bottom  of  12  and  the  53  and  47  feet  of  melaphyre,  the  country  rock 
of  the  "New  vein"  in  Marvine's  section  11  +  37  ft.  amygdaloid? 
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38.  Amygdaloid  conglomerate  d  11.     88-100  (12) 

Conglomerate  4  of  Marvine's  Section  II,  who  also  makes  it  12  ft.  thick. 

Base  below  base  of  Conglomerate  6,  by  addition  (572) 

from  end  of  No.  12  (554) 

Marvine  (5.33) 

39.  Ophite  3  mm.  C^^) 

Aniygdaloidd  11.     100-110 

There  are  some  calcite  seams 
Trap  d  11.     110-178 

At  118,    131,    141-147,  155  164,    176,    178  ft.  the  grain 

is        1,        2,        2-3,  5  (coarsest),     2,    0.5,        0  mm. 

Cf.  iV  "amygdaloid"  and  23  "dark  and  rough  melaphyre"  of  Marvine 
Section  II. 

40.  Amygdaloid  conglomerate  d  11.     178-202  (24) 

The  matrix  is  red  or  Ught  brown  mud  or  calcite,  with  red  and  blue- 
black  angular  scoi;ia. 

41.  Ophite  2  mm.  (^^^ 

Amygdaloid  is  included  in  amygdaloid  conglomerate  above. 
Trap  d  11.     202-262 

At  215,    222-231,  240-246,  250,    255,    261  ft.  the  grain 
is        2,        2-3,  1-2,  1.,        h        ^mm. 

42.  Ophite  2.5  mm.  (^'^^ 

Amygdaloid  d  11.     262-284 

The  contact  is  well  marked  by  a  brecciated  amygdaloid  almost  an 
amygdaloid  conglomerate. 
Trap  d  11.     284-346 

At  288,    293,    301,    310,    315,    325,    334,    340,    344  ft.  the  gram 
is        i,        1,    1-2,    2-3,        2,    2-finer,  1,        i,    smaller 

At  308  a  vertical  seam  parallel  to  the  core,  probably  along  a  columnar 
joint,  which  jointing  appears  elsewhere,  is  normally  faulted  by  one  at 
70°  or  less  to  the  core. 

43.  Conglomerated  11.     346-368  (24) 

There  is  copper  in  a  little  seam  in  a  felsitic  pebble  of  the  conglomerate, 
which  has  felsitic  pebbles  to  351;  there  is  an  amygdaloid  conglomerate 
to  368.  

Base  below  base  of  No.  4  (Bed  38)  (268) 

This  does  not  appear  in  cross-section  II  or  any  of  Marvine's  sections. 
He  has  given  it  no  number  and  it  occurs  between  3  and  4  of  his  number- 
ing. But  this  hole  and  the  Atlantic  cross-cut  and  numerous  other  partial 
sections  show  that  there  are  a  number  of  conglomerates  between  Mar- 
vine's Nos.  3  and  4,  mainly  amygdaloidal. 

At  d  11.  368  a  seam  nearly  parallel  to  the  core  is  crossed,  with  a  tran- 
sition to  a  1  to  2  mm.  ophite  rather  faint  and  feldspathic. 

44.  Ophite  2  mm.     368-404?  (36) 

At  368,      378,      385  ft.  the  grain  is 
1-2,  2,  1  mm. 

At  388  amygdaloid  specks  and  brecciated  cavities  with  crystals  occur 
and  the  contact  is  uncertain. 

45.  Amygdaloid  conglomerate  d  11.     404-419  (15) 
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46.  Ophite  3  mm.  (60) 

Trap  d  11.     419-479? 

At  422,    427-432,441,    454  464,    474,  the  grain  is 

1,        1-2,  2,    ab.  3  (coarsest),  ab,  2,  1  mm. 

Cf.  Hole  3.     33-70     (37)  with  a  mottling  of  only  2  mm. 
Exact  base  not  clear  (3  or  4  ft.  trap  at  482  ft.) 

47.  Amygdaloid  conglomerate  d  1 1 .     479-491  (12) 

With  a  reddish  brown  matrix  and  black  and  white  amygdaloid  pebbles. 

Hole  3  at  70-86  is  brecciated,  noted  as  perhaps  sedimentary,  not  so  well- 
defined  as  in  1 1 ,  and  perhaps  there  is  here  something  cut  out  by  a  fault. 

48.  Ophite  5  mm.  (83) 

Amygdaloid  d  11.     491-502 
Greenish  to  497  and  marked  in  spots 
Trap  d  11.     502-574 

A  banded  ophite,  bands  with  1  to  0.5  mm.  grain  alternating  and  amyg- 
daloidal  about  514.  It  is  notable  that  in  Hole  3  I  did  not  make  the  grain 
over  3  mm. 

At  522-526,  534,  541,  545,  553,  558,  565,  567,  570  ft. 

the  grain  averages  2-3,       3,      4,      5,      3,  2-3,      2,      1,        i  mm. 

Base  below  base  of  Conglomerate  4  (Bed  38)  (474) 

Hole  3,  86-180  94 

49.  Ophite  2  mm.  (92) 

Amygdaloid  d  11.     574-580     d  3.     180-202 

Brown  and  white,  soft,  above;  cold,  gray,  hard  epidotic  below,  then 

trappy,  then  a  streak  of  epidotic  amygdules  at  580. 

This  may  possibly  be  the  39  ft.  of  amygdaloid  of  Marvine's  Section  II. 

Trap  d  11.     580-599 +,  3.     202-274 

Fine  grained  to  586,  then  slightly  amygdaloidal  with  pink  amygdules 
and  streaks  to  598.  Cf.  d  3.  224-228.  At  599  is  a  cross-seam  with 
quartz  and  prehnite,  then  copper  and  epidote  of  later  formation. 

Base  of  Hole  1 1  below  Conglomerate  4  (499)  ft. 

The  gap  from  d  11  to  d  9  may  be  nicely  bridged  by  Hole  3. 


Isle  Royale  drill  hole  9.  At  an  angle  of  35°.  Elevation  about  800  above  tide, 
1400  ft.  S.  and  1050  ft.  W\  of  the  N.  E.  cor.  of  Sec.  1-54-34.  It  should  therefore 
begin  shortly  above  the  "147  feet  covered"  of  Marvine's  section  II.  It  is  780  ft. 
(640)  below  11  which  it  should  therefore  just  about  lap.  It  probably  therefore 
begins  in  50,  though  it  may  be  49. 

49.     (continued).     2  mm.  ophite  (75  +  ) 

Trap  d  9.     15-52     d  3.     180-274     (94) 

Begins  in  a  2-3  mm.  ophite,  jointed  at  22°  and  seamed  at  57°  to  the 
core.  Finer  at  40  (1-2  mm.).  As  the  grain  is  decreasing  the  full  thick- 
ness may  be  anything  more  than  70  so  far  as  this  hole  is  concerned,  so  we 
take  it  from  Hole  3. 


Base  below  base  of  4  by  addition  (562) 

or  by  section  (594) 

If  the  amygdaloid  below  is  the  "20  ft.  of  epidotic  amygdaloid"  of  Mar- 
vine's section  II  the  corresponding  distance  would  be  (558), — a  good 
correlation. 
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50.  Amygdaloidal  ophite  2  mm.  (65) 

Amygdaloid  d  9.     52-S4,  d  3.     274-287 

Marked  with  white  amygdules,  reddish  above,  greenish  gray  epidotic 
below,  so  at  69,  and  then  about  84  brecciated  and  alternating  with  trap. 
The  amygdules  are  small.     Seams  nearly  across  the  core  are  faulted. 
Trap  d  9.     84-117.  d  3.     287-336 

With  spots  of  amygdaloid,  with  1-3  nun.  amygdules  and  pink  and 
white  breccia  filling,  containing  crystals.  This  seems  to  resemble  No. 
49  in  Hole  11a  good  deal,  and  I  should  not  be  surprised  were  it  the  same, 
the  repetition  being  due  to  the  faulting  of  which  there  are  signs.  In 
that  case  the  first  bed  in  9  would  be  equal  to  49.  They  are  both  ophites. 
The  match  of  this  bed  in  Hole  9,  so  far  as  thickness  goes  with  that  in 
No.  3  (62  ft.)  is  very  good. 

51.  Ophite  5  mm.  (115) 

Amygdaloid  d  9.     117-129,  d  3.     336-348 

Gray,  coarse,  with  epidote  and  quartz  and  calcite  amygdules.     In 
No.  3  it  is  red  above,  gray  below. 
Trap  d  9.     129-232,  d  3.     348-463 

There  are  seams  parallel  to  the  core,  joints  across  core  and  at  12° 
to  it. 
At  d  9.     146.  156,  160,  171,  181,  187,  195,  197,  206,  209,  214,  217  ft.  the 
grain  is    2-3,      3,  3 +,  3-5,  4-5,      5,      4,5-3,2-5,    U,      1,      1mm. 
Below  220  it  is  fine  gmined  with  amygdaloidal  streaks. 
It  is  reached  in  the  west  cross-cut  of  Sec.  12  shaft.     (Fig.  45). 
Drill  Hole  3.     336-463  In  which  the  grain  is  also  (5  mm.)  a  very  good  match. 
Atd3.     362.    368-381,    ,394,    434,    448,    452  ft.  the  grain 
is  2,  2,  5,        3,        2,        1  mm. 

52.  Mabb  ophite        7-8  mm.  (219) 

Amygdaloid  d  9.     232-236 

Red  and  white  bands  nearly  straight  across  the  core. 

Trap  d  9.     236-451 

Specked,  fine  grained  to  244,  then  rather  coarser,  but  at  260  a  rather 
sudden  combination  of  coarse  7x4  mm.  mottles  and  white  amygdules, 
the  trap  epidotic,  then  specked  finer  and  redder,  the  mottles  irregular, 
in  spots  coarser,  some  seaming  parallel  to  the  core  at  277  but  no  obvious 
great  jump.  There  is  a  datolitic  look  near  281  and  specks  of  copper 
in  an  amygdaloid  seam.  Seams  and  joints  occur  at  right  angles  and 
nearly  parallel  to  the  core,  also  one  at  64°  and  one  at  59°  are  cut  by 
one  parallel  to  the  core  or  vertical.  Near  d  9.  312  the  mottles  become 
coarser  and  more  settled,  so  that  for  the  lower  half  the  grain  may  well 
be  made  out  thus: 

At  312,  316,  326,  331,  339,  345.  354,  360,  .367,  383,  395,  404,  413   4^2 

428,  433,  451  ft.  '         '    ""' 

7-8,  7,  8-9,   7,    7  (5-10),'   5,  5-7,       5,      5,  4-5,  3-5,  3-4,      3,      2 
1,0.5,  ba.se 
This  heavy  and  coarse  ophite  is  a  fairly  good  datum  plane  down  to  the 

Baltic  location.     Possibly  it  continues  north  to  the  Mendota. 
Cf.  in  Hole  No.    3  463-706=(243) 

14  top  down  to  131  or  172 
13  from  400  to  513,  part  removed  by  a  fault. 
In  the  Superior  trench  it  was  exposed  600  ft.  east  of  the  centei'  and  300 

ft.  S.  and  at  the  Baltic  location  close  to  the  Mine  office. 


below  base  of    (50) 

(19.     1.5-52 

"       "  (38) 

4  at  11.  100 

"       "  (31) 

5  at  9.387 

"       "  (22) 

6  at  9.100 
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It  is  exposed  in  the  old  Mabb  workings  and  duinj)  and  along  the  N.  line 
of  Sec.  6-55-33  and  the  8  mm.  mottling  is  plain,  being  beautifully  brought 
out  in  slightly  weathered  masses  from  the  old  dump.  It  is  also  exposed 
in  the  N.  W.  end  of  the  trench  which  runs  N.  W.  from  the  S.  E.  corner  of 
the  S.  W.  \  of  the  S.  E.  J  of  Sec.  11-54-34,  and  elsewhere.  See  Rominger 
Vol.  1,  p.  112. 

(399)    ft. 
(967) 
(1248) 
(1535) 

At  the  Baltic  location  this  distance  seems  to  be  about  (1620)  feet  de- 
pending somewhat  upon  the  exact  dip  assumed. 

In  the  west  cross-cut  of  section  12  shaft  (Fig.  45)  all  above  165  feet 
from  the  shaft,  or  say  190  from  the  foot  of  the  shaft  to  440  ft.  is  the  ophite, 
the  top  amygdaloid  being  about  40  ft.;  at  222  ft.  in  the  grain  is  about 
7  mm. 

Here  and  in  No.  3  hole,  however,  a  small  bed  of  ophite  (d  3.  673-706) 
33'  intervenes  between  the  Mabb  ophite  and  the  sandstone  bed  54,  but  in 
the  cross-cut  at  the  top  of  the  44  (34)  feet  between  the  basic  sandstone 
and  the  base  of  the  Mabb  ophite  is  a  strong  fluccan  seam,  dip  63°  strike 
N.  50°  E,  the  dip  somewhat  steeper  than  the  fomiation. 

Such  a  seam  acting  as  a  slide  plane  might  easily  cut  out  of  the  record 
the  bed  in  No.  9  or  may  introduce  an  entirely  new  repetition  of  beds,  by 
which  for  instance  54  would  be  equivalent  to  38. 

53.  2  mm." ophite  (33) 

Amygdaloid  I.  R.  d  3.     673-679 

Amygdaloidal  trap  d  3.     679-686 

Trap  .  d  3.     686-706 

1-2  mm.  mottles  at  694 
Drill  hole  3  is  horizontal  into  the  hanging  from  the  mine,  lower  level 
has  166-194  trap  and  at  207-209  amygdaloid. 

54.  Basic  conglomerate  d  9.     451-453  sandstone  (2) 

The  dip  is  about  64°  against  core, — very  likely  it  is  nearly  vertical. 
There  is  only  a  httle  of  this  but  it  is  quite  persistent.  Cf.  d  14.  131-141 
and  172-3  d  3.  706-722  and  the  bed  about  100  ft.  (80  above)  N.  of  Sec. 
12  shaft  in  the  west  cross-cut.  It  appears  also  in  horizontal  drill  hole  3 
■  from  the  level  where  it  comes  at  161-166,  dip  at  59°;  also  horizontal 
drill  hole  2  at  152-162.  There  are  seams  at  72°.  Cf.  also  the  conglom- 
erate in  the  Superior  trench  590'  from  the  N.  W.  end. 

55.  Feldspathic  melaphyre  (18) 

Amygdaloid    d  9.     453-456 

At  456  an  epidotic,  clasolitic  seam. 

Sample  of  water  (1.)  from  this.     See  Chapter  VII. 
Trap  d  9.     456-471 

Fine  grained,  but  with  feldspar  1  mm. 

Cf.  d  3.     722-743  (21) 

From  148-161  is  coarse  greenish  amygdaloid  with  pink  amygdules. 

Also  d  14.     141-172 

55,  56,  .57  and  58  are  all  small  flows,  feldspathic  (feldspars  1  mm.)  and 
closely  allied,  resembling  the  beds  above  31  and  22,  Conglomerate  6  rather 
than  the  ophites  which  are  common  below.  I  should  not  be  surprise'd  to 
find  that  54  was  Conglomerate  6  repeated  by  faulting. 
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(15) 

56.  MelaphjTe 

Amygdaloid   d  9.     471-482 

Red  and  white,  markedly  prehnitic. 

Trap  d9.     482-486 

Cf.dS.     743-752(9)  ^  .    .;,       ,  ,r 

The  horizontal  drill  hole  3.     161-115  seems  to  correspond  to  55  and  56. 

57.  Feldspathic  melaphyre  .  ^ 

Amygdaloid    d  9.     486-494 

Reddish  at  top,  greenish  at  bottom. 

The  reddish  basal  amygdaloid  is  glomeroporphyritic  like  the  bed 
under  the  Isle  Royale  lode  with  small  1  mm.  green  feldspar  crystals  on 
a  red  gromid.     The  same  occur  in  horizontal  drill  hole  3  at  24,  58,  and  77 . 
Trap      ^  d  9.     494-510 

Coarser  with  occasional  red  bordered  or  green  light  amygdules  to 
d  9.     502  ft.  then  finer.     From  44-77  above  the  Sec.  12  shaft  or  100' 
from  the  foot  wall. 
Cf.  d3.     752-790. 
58.     Amvgdaloidal  melaphyre  (^) 

Am3,gdaloid    d  9.     510-519 

Upper  contact  uncertain,  perhaps  part  of  57,  coarse. 
Compared  3.     790  with  copper -811,  also  d  14.     180-205. 

Beds  57,  58  and  59  may  be  compared  with  77  ft.  of  "gray     melaphyre 
of  Marvine's  Section  II.     The  recurrence  of  feldspathic  melaphyres  after 
a  series  of  ophites  is  notable. 
Feldspathic  melaphyre  ^'^^     ^     ^ 

Amygdaloid    d  9.     519-529 

Upper  2  feet  marked 
Trap  d9.     529-5.50 

More  or  less  streaked  with  gray  amygdaloid,  feldspathic. 
Cf.  d    7.     811-834  more  or  less  amygdaloid 
d  14      205-238  also  feldspathic  melaphyre 
Horizontal  drill  hole  3  has  from  29-115  beds  tending  to  be  glomeropor- 
phyritic covering  the  suite  56,  57,  58  (14)  +  (9)  +  (31) 

At  58  ft  a  clay  slip  which  also  appears  in  the  cross-cut  is  all  there  is  to 
represent  the  top  of  58.     The  top  of  57  may  be  represented  by  a  clay  slip 
at  76  or  prehnitic  amygdaloid  spots  from  83-86.     In  the  cross-cut  this 
was  the  main  belt  of  trap  between  the  shaft  and  the  conglomerate  bed  54. 
59.     Melaph>re  Baltic  lode  horizon  (  1) 

Base  below  base  of  Mabb  ophite  direct  150 

by  adding  183 

Amygdaloid    d  9.     550-560 
'  Trap  d  9.     560-591 

Cf  d  14  238-282,  copper  at  264,  mainly  epidotic  and  amygdaloidal. 
Near  580  a  clasolitic  seam  nearly  parallel  to  the  core  making  only  a  20° 
angle  with  it  is  cut,  and  at  592  ft.  there  is  a  speck  of  copper.  Near  591 
it  is  brecciated  and  glomeroporphyritic,  but  there  is  no  defined  amygda- 
loid to  the  trap  beneath,  which  may  be  a  part  of  this. 
Cf  d  3      790-795,  which  also  has  a  speck  of  copper  as  well  as  834-845. 

This' is  the  belt  in  which  the  I.  R.  Sec.  12  shaft  (Fig.  45)  is  sunk  and 
horizontal  diamond  drill  hole  3  begins  in  it  209  or  (164)  ft.  below  the  Mabb 
ophite,  passing  the  amygdaloid  at  20-29  ft.  The  west  cross-cut  remains 
in  the  lode  for  30  ft. 
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60.  Melaphyre  '  (23) 

Trap  d  9.     591-614 

Cf.  the  "21-foot  amygdaloid"  of  Marvine's  Section  II. 

61.  Conglomerate  (3)  d  9.     614-685  (71) 

Cf.  Belts  31  to  33  and  43  to  45,  also  d  3.     S79-891  d  14.282-353-373 

A  well-marked  felsitic  conglomerate,  dip  nearly  at  right  angles  (78°) 
to  hole,  at  628  ft.  2  ft.  of  sandstone  with  amygdaloid  scoria,  then  nearly 
amygdaloid  to  642,  then  sandstone  and  felsitic  conglomerate  with  calcite 
cement  passing  into  amygdaloid  conglomerate  at  base,  very  much  like 
Beds  32  to  34  and  about  the  same  thickness.  Both  have  small  amygda- 
loidal  beds  above,  both  Jifive  an  ophite  below  but  rather  different  in  size, 
but  while  it  is  barely  possible  that  there  is  a  repetition  hy  faulting,  there 
can  be  no  question  that  this  is  the  Conglomerate  numbered  3  by  Marvine 
1486  (1201)  feet  from  No.  4.  It  is  below  the  base  of  the  Mabb  ophite 
(685-451=234)  ft.  by  addition  268 

Hence  below  No.  4  9674-234  (1201),  and  Marvine  makes  the  thickness 
70  ft. — a  remarkably  close  agreement  in  both  items. 

Hence  below  the  base  of  No.  6  (1201  +  552)  (1753) 

A  corresponding  distance  at  the  Baltic  location  from  No.  6?  to  the 
Baltic  conglomerate  is  (1964)  feet. 

Cf.  I.  R.  d  3.  879-891,  which  is  largely  a  fluccan— a  fault.  This  was 
also  visible  in  the  east  cross-cut  of  Section  12  shaft,  about  50  ft.  beneath 
the  shaft  with  a  few  boulders  or  residual  nuggets  of  copper.  It  had  a 
dip  of  52°.  The  same  faulting  also  disturbs  Hole  10  so  that  its  record  is 
not  worth  anything  as  a  consecutive  records  of  beds.  Hole  2  is  perhaps 
a  little  better.  Hole  2,  30-82  or  to  106  matches  this  Belt  61,  i.  e.,  d  9. 
614-685  quite  well,  having  the  same  felsitic  top,  sandy  streaks,  amygda- 
loidal  base  and  trap  or  amygdaloid  intercalations.     . 

Horizontal  diamond  drill  hole  No.  3  begins  just  above  this  conglomerate 
and  runs  209  ft.  up  to  the  foot  of  the  Mabb  ophite,  and  can  be  correlated 
pretty  well  with  No.  3  and  the  cross-section.  In  all  these  one  bed  occurs 
under  the  Mabb  ophite  that  does  not  occur  in  9. 

62.  Melaphyre  (29) 

Trap  d    9.     685-690 

A  mere  fragment  of  a  sheet  into  which  62  has  eroded? 
d    2.     106-114 

d  14.     373-398  (25)  and  perhaps  also 
d  14.     430-458 
514-543 
547-572 

63.  Ophite  2  mm.     Cf.  (42)'  (66) 

Amygdaloid    d  9.     690-694 

Trap  d  9.     694-749 

At  698-703,  708,    723  ft.  the  grain 

is  1,        1-2,        2  mm.     From  733-749  ft.  is  fuier. 

Cf.  d  14.     458-514,  which  is  also  a  2  mm.  ophite 

Basal  amygdaloid  ?      749-756 

Brecciated,  red  and  mixed,  like  a  certain  phase  of  the  Houghton  con- 
glomerate. 

Cf.  Hole  2,  114-216,  which  has  up  to  2-5  mm.  mottles,  apparently  equi- 
valent to  the  bed  at  the  end  of  the  east  cross-cut,  e.  g.,  at  210  ft.  horizon- 
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tally  beneath  the  shaft.  The  sandstone  and  conglomerate  at  the  end  of 
d  9  from  756  on,  that  is  71  ft.  below  the  main  Baltic  conglomerate  does 
not  appear  in  Holes  2  or  3  or  the  east  cross-cut  of  the  Sec.  12  shaft,  or  No. 

^\lon-  here  the  faulting  makes  a  continuous  record  almost  impossible. 
The  she\r  zone  seems  in  Hole  d  14  and  perhaps  d  9,  as  also  in  the  Superior 
trenches,  to  have  spread  the  Baltic  conglomerate,  over  a  broad  area  as  it 
seems  to'have  spread  the  Mabb  ophite  in  Hole  10. 

Below  this  horizon  of  Conglomerate  3  the  disturbance  approaching  the 
great  fault  zone  which  runs  along  the  south  border  of  the  range  is  so  gre^t 
that  though  traversed  by  Holes  10,  2,  14  and  exposed  by  trenches  on  the 
Isle  Royale  and  Superior  properties,  no  consecutive  order  of  beds  can  be 
Lade  out  with  any  safety.  The  only  thing  to  do  is  to  give  each  record 
with  occasional  comparisons.     Hole  2  seems  as  little  disturbed  as  any  of 

them.  QjN 

64.  Amygdaloid  conglomerate.     Cf.  45 

d2.     216-227 

Brecciated  and  with  white  fragments  on  a  red  ground. 

65.  Ophite  2-3  mm.     Cf.  46 

Trnn  d  2      227-265 

Brecciated,  mixed  and  decomposed  brown  trap  -244,  at  245  the  grain 
is  2-3  mm.,  and  it  is  ophitic  to  251,  then  to  265  finer  gramed  and  brec- 
ciated. (3g^) 

66.  Melaphyre 

^  Decomposed,  full  of  calcite  seams,  fine  grained  at  308,  spots  of  chloritic 
amygdules  -310  ,^^. 

67. 

Amygdaloid 

Prehnitic  at  310,  poor  to  325 
Trap  d  2.     325-343  (28)  ,    .  .u    k  .. 

Veined  at  327-329,  fine  grained  and  red  at  the  bottom.  

Base  below  base  of  Conglomerate  3  343-106?  (237) 

68      Ophite  (4  mm.)?     Cf.  (48)     (Unfaulted  about  100  feet  thick?)  (226.) 

Amygdaloid    d  2.     343-364 
TraD  d  2.     364-569 

At  371   387    396,  413-423,  452,  470-510,  519,  541,  554-9,  567  feet  the  gram 
.  l'      o'  i_9         9  3,        3,  4,      2,      1     ,     ^  mm. 

''  At  408-4"l3  and  452  there  is  much  veining,  and  the  thickness  of  the  belt 
compared  with  the  size  of  the  mottling  suggests  that  there  is  either  much 
aTing  or  the  dip  has  flattened  very  materially,  the  former  bemg  most 
probable,  and  if  so  it  must  be  of  the  type  that  drops  the  lower  or  sou  h- 
east  side  down  or  raises  the  northwest  side  for  this  w^ould  produ  e  the 
unsystematic  distribution  of  grain  and  exaggerated  thickness  of  belt. 

69.     Ophite  1  mm. 

Amygdaloid  d  2.     569-580  _,,-,• 

Marked  contact;  the  trap  above  has  a  red  base,  the  amygdaloid  is  pooi. 

Trap  d  2.     580-589 

At  582  and  586  feet  the  grain 

is      *     "       1    mm. 
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70.  Ophite  1  mm.     Cf.  (50)  d  3.     274-336  (30) 

d  2.     589-619 

At  609  ft.  the  grain  is  1  mm. 

71.  Ophite.     Cf.  51  (173) 

Amygdaloid  d  2.     619-621 

Like  that  at  569  and  probably  the  same  thing,  not  lifted  up  quite  so  much. 
Trap  d  2.     621-792 

Trappy;  then  at  627 — amygdaloid  and  mixed  ophite  and  amygdaloid, 
the  latter  marked  at  630-633. 
Veining  frequent,  e.  g.,  at  690,  723,  733  ft. 
At  706,    737,    755,    768,    778-784  feet  the  grain 
is        4,        5,        2,    1-2,  1       mm. 

This  is  evidently  much  disturbed  and  quite  likely  Belt  51  or  some  higher 
belt  repeated,  as  is  shown  by  the  irregularity  of  the  grain. 

72.  =52  ?  the  Mabb  ophite  213-1- 

Amygdaloid  d  2.     792-822 
Marked  black  and  white 
Trap  d  2.     822-1005 

Fine  grained  -827,  at  837  amygdaloidal  and  ophitic — grain  2  mm.,  at 
855  3-4  mm.  but  still  amygdaloidal.  Cf .  the  upper  part  of  the  Mabb  ophite 
at  d  9.     260 

At  868,    889,    894-902,    955,    965-970,    1005  ft.  the  grain  is 
4,        5,  7,  8,  5,  8    mm. 

This  I  believe  is  a  repetition  of  the  Mabb  ophite,  and  we  can  correlate 
backward  pretty  well  up  to  the  Baltic  conglomerate.     So  that  there  may 
be  a  big  shear  at  about  this  point  causing  a  repetition  of  the  series.     This 
may  lie  the  same  side  of  the  fault  as  d  14.     572-813  which  may  also  be 
a  repetition  of  the  Mabb  ophite.     Assuming  this  to  be  the  case  we  should 
get  a  strike  for  the  Mabb  ophite  on  the  S.  E.  side  of  the  fault  of  N.  70°  E, 
which  is  about  the  direction  of  the  eastern  sandstone  contact. 
The  conglomerate    d  14.     813-825  would  then  correspond  to  54. 
d    9.     451-453  and  d  14.     131-141  or  172-3 
d  14.     825-866  a  feldspathic  melaphyre  would  correspond  to  d  9.     453-471 
d  14.     866-887       to  56  and  57,  d  9.     471-510  and  both  have  a  glomero- 
porphyritic  tendency 

d  14.     887-9041      Brecciated  and  the  breccia 
d  14.     904-951 J      would  have  to  represent  the  interval  to  conglomerate 

3  d  9.     510-614 
d  14.     951-993  will  be  d  9.     614-685  a  repetition  of  conglomerate  3. 

d  14.  993-999  2  mm.  ophite  may  be  a  fragment  of  63,  while  the  eastern 
or  Jacobsville  sandstone  is  apparently  reached  as  a  transition  with  no 
notable  fault  at  999,  the  transition  being  at  999  to  1001. 

In  other  words  d  14.  572-999  is  a  fairly  solid  block  of  repetition  of  the 
upper  part  of  14.  But  as  we  come  into  the  bay  made  by  the  eastern  sand- 
stone in  Section  12  if  we  are  to  fill  it  in  this  way  we  must  suppose  in  Hole 
2  that  a  still  larger  block  has  dropped  or  the  same  block  been  more  spread 
out.  As  a  matter  of  fact  we  find  in  Hole  2  good  matches  up  to  the  very 
much  faulted  veined  and  disturbed  and  strung'  out  bed  d  2.  343-569, 
at  which  point  some  of  the  faulting  if  not  all  may  occur,  but  there  are  fair 

'By  stringing  out  I  mean  this:  If  a  bed  which  should  be  cut  at  right  angles  by  a  hole  plung 
ing  to  the  S.  K.  is  sheared  so  that  the  N.  W.  side  is  lifted  more  than  the  S.  E.  side  its  apparent 
thickness  along  the  drill  core  will  be  much  greater  and  judging  by  the  grain  and  other  tests, 
abnormally  great.' 
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matches  even  above.  The  presumption  is  then  that  while  the  main~axis 
of  shearing  is  about  at  this  point,  there  is  some  uphft  clear  up  to  the  Sec- 
tion 12  shaft,  in  which  there  seem  to  be  seams  striking  more  easterly  than 
the  shaft  and  steeper.  In  Hole  14  the  evidences  of  shearing  are  striking 
up  to  358  ft.  from  572  ft. 


Isle  Royale  drill  hole  10.  Seems  to  show  a  few  beds  much  strung  out  and  dis- 
turbed by  slip  faulting.  It  is  at  an  angle  of  32°  to  S.  64°  E.  Elevation  about  900 
A.  T.     1000  ft.  W.  GOO  S.  of  the  E  i  post  of  1-54-34. 

(a  59?)      Ophite,  2-3  mm.  .'  (37  +  ) 

Amygdaloid  d  10.     -54 
Much  shattered,  all  calcite  and  laumontite 
d  10.     41-48,  coarse  to  54 
Trap  d  10.     54-77 

At  57  the  grain  is  2-3  mm.,  then  finer, 
(b  58)  (23) 

Amygdaloid  d  10.     77-87 

Red  to  82,  greenish  to  87 
Amygdaloidal  trap  87-99 

Coarse  pink  and  white  feldspathic,  with  large  amygdules. 
Trap  d  10.     99-100 
(c  57)        Amygdaloidal  melaphyre  (19) 

Amygdaloid  d  10.     100-119 

Gray,  coarsely  amygdaloidal  d  10.     100-108 
More  reddish  d  10.     108-114 

With  1  mm.  phenocrysts  of  red  plagioclase  d  10.     114-119 
(d  56)       Amygdaloidal  melaphyre 

Laumontitic  and  irregular  d  10.     119-133 

Feldspathic  with  pinkish  amygdules  d  10.     133-151 
(e  55)       Reddish;  more  compact     d  10.     151-155 
Yellow-green  epidote      d  10.     155-159 

Slips  parallel  to  the  core  and  about  26°  to  it  are  faulted  by  another 
set  also  at  about  26°  to  it.     The  northerly  displaces  the  westerly, 
assuming  the  slips  parallel  to  the  hole  to  be  nearly  vertical.     The  trap 
remains  feldspathic,  amygdaloidal  and  decomposed  to  186  ft. 
(f  54)  ♦         Slip  at  186  with  banded  clay  at  56°  to  the  core,  that  is  vertical.     This 
undoubtedly  marks  a  considerable  fault.     The  beds  above  remind  one 
of  those  just  beneath  the  Mabb  ophite,  while  below  there  is  a  sudden 
jump  to  the  middle  of  the  heavy  ophite  with  5-7  mm.  mottling.     Other 
slips  probably  parallel  to  it  and  also  vertical  occur  at  192-195  ft.  and 
225  ft. 
(g  72  &  52) 

Mabb  ophite  d  10.     186-663 

At  186,    199,    203,    205,    213,    227  feet  the  grain 
is        5-7,        8,        8,        5,        6,    3-5  mm. 
,  which  may  well  pass  for  a  fragment  of  the  Mabb  ophite,  then  there 

are  pink  seams  at  45°  to  31  °  with  the  core.  At  239-243  it  is  also  full 
of  clay  slips  at  22°  with  and  parallel  to  the  core,  but  these  are  very 
likely  merely  the  result  of  shattering  along  the  main  displacement 
as  the  grain  does  not  seAn  very  much  broken. 
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At  247,    256,    268  feet  the  grain 

is    5-6,    5-8,        5  mm.  and  there  are  seams  between  256  and  261 

and  at  268  ft.  a  heavy  3-ft.  seam. 

At  d  10.  273  the  grain  is  3-4  mm.,  and  at  277-280  it  is  seamed. 
At  282  the  grain  is  4-5  mm.,  and  at  290  are  seams;  at  290-296  and 
300  the  augite  grain  is  7  mm.,  and  4  mm.  with  amygdaloid  spots,  re- 
minding one  of  the  top  of  the  Mabb  ophite.  From  311-313  is  a  vein 
parallel  to  the  core.  At  316,  319-328  ft.  the  augite  grain  is  4-5  and 
7?  mm.  respectively.  There  are  joints  at  19°  and  45°  to  core,  and 
about  365  a  seam  at  31°.  At  374  the  grain  is  3-5  mm.  At  378  is  a 
seam  parallel  and  at  angles  to  the  core.  At  391  are  amygdaloid 
specks.  At  398  the  augite  grain  is  7  mm.  At  410  it  is  decomposed. 
At  412  the  augite  grain  is  3-5  mm.  At  416  it  is  much  seamed  both  at 
31  °  and  45°  to  the  core  and  probably  both  vertical. 

At  422,    430,    458,    462,    475,    498,    502,    514  ft.  the  grain 
is  7,    5-8,    ab.5,  5-7,        7,        5,        5,    3-5  mm.  and  there  are 

seams  at  430,  most  notably  at  38°  with  the  core,  at  462  at  about  39° 
with  the  core,  and  at  474  at  51°  and  at  494  both  at  26°  and  39°. 

The  effect  of  the  faulting  seems  to  keep  the  hole  in  about  the  same 
horizon.  Beyond  this  I  am  inclined  to  think  that  the  faulting  gains 
and  we  are  passing  into  higher  horizons  unless  there  is  actual  over- 
turn. 

At  526  and  531  it  is  specked  and  seamed  with  pseud  oamygdaloid 
specks. 
At  536  there  is  1-2  mm.  feldspar  and  amygdules. 

At  538  the  augite  grain  is  2-5  mm.  A  seam  nearly  perpendicular 
to  the  core,  also  fractures  at  59°  to  it.  Specked  and  amygdaloid  to 
571,  about  575  the  augite  grain  is  5  mm.  But  at  580-588  it  becomes 
specked  and  more  and  more  so  and  amygdaloidal  and  browner  as 
though  it  were  passing  up  into  an  amygdaloid  slowly.  The  banding 
of  the  amygdules  makes  an  angle  of  only  15°-20°  with  the  core  to 
663.  All  along  to  618  there  are  indications  that  the  amygdaloid  is 
being  cut  obliquely  at  31  °  or  so  and  that  the  hole  is  rising.  The  fact, 
too,  that  we  remain  in  amygdaloid  from  588-663  points  to  a  very 
oblique  crossing  of  the  amygdaloid. 
(h51)       Ophite  (106)? 

Trap  d  10.     663-712 

At  671,    675-678,683,    691,    701,    706,    712  ft.  the  grain 
is        1,        1-2,  2,        1,    1-2,        2,    3-4  mm. 

Amygdaloid  d  10.     769 

Finely    developed    from    691    down,    amygdaloid    specks    appear. 
This  appears  also  to  be  cut  in  inverse  order  and  obliquely.     The  grain 
would  indicate  only  100  ft.  or  so.     Seams  at  40°  to  core  may  be 
vertical, 
(i  50?)      Ophite  d  10.     769-803 

At  772,    787-790  the  grain 
is    0.5,  1       mm. 

At  783  the  seam  at  31  °  is  faulted  by  others  and  at  796-803  are  heavy 
veins  nearly  parallel  to  the  core. 

If  inverse  order  continues  these  might  perfectly  well  be  Beds  51 
and  50  respectively.  , 
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Isle  Royale  drill  hole  IS.  Near  (340  ft.  W.  280  ft.  N.  of  it)  the  S.  i  post  of  Sec.  11, 
T.  54  N.,  R.  34  W.  At  an  angle  of  45  °  to  the  S.  E.,  about  at  right  angles  to  the  strike. 
The  projection  crosses  the  line  116  ft.  W.  of  the  \  post.  Elevation  375  above  Lake 
Superior.  It  is  probably  so  near  at  right  angles  to  the  strike  that  no  correction  is 
necessarj'. 

1.  Drift.     Till  full  of  boulders.  85  (60) 

2.  Ophite  58  + 

Trap  d  13.     85  to  153 

At  top  with  spots  of  white  amygdules  with  a  green  and  red  base 
or  gray  feldspar  laths  on  a  red  base,  and  chloritic  amygdules. 

At  117  to  134  and  143  a  2  to  3  mm.  respectively  2  mm.  ophitic 
mottling. 

3.  Ophite  81  (81)? 

Amygdaloid    d  13.     153  to  159 
Trap  d  13.     159  to  234 

At  175-9,    191,    209,    222,    234  feet  the  mottles  are 
1,  2,      5?,        1,        0  mm.  respectively 

Along  about  209  are  many  calcite  seams,  some  at  59°  to  the  core, 
which  may  be  near  vertical,  and  be  faults  disturbing  the  grain 
which  soon  often  grows  finer. 

4.  Ophite  118  (118) 

Amygdaloid    d  13.     235  to  239 

Trap  d  13.     239  to  353 

At    253,  270,  283,  310    (center?  finer  below),    337,  353  the  mottles 

are       2,  2-3,      3,      5,  2,      0  mm. 

5.  MelaphjTe  (feldspathic?)  44       .  (44) 

Amygdaloid     d  13.     353-357 
Trap  d  13.     357-361 

Amygdaloid     d  13.     361-365 
Trap  d  13.     365-397 

Specked  from  d  13.     383-397 

6.  Fault  breccia  (or  conglomerate?)  397-400 

This  is  an  obscure  bed,  very  red  and  brecciated,  and  may  not  be 
a  conglomerate,  merely  a  fault  breccia.  If  it  is  a  conglomerate 
the  grain  below  shows  that  it  must  rest  on  an  eroded  land  surface. 
But  is  probable  that  in  any  case  there  is  a  big  slip  here  as  half  the 
bed  below  is  absent. 
[52].      7.      The  Mabb  ophite.  113 -h  top  removed  (230?) 

Trap  d  13.     400-513 
Begins  coarsest;  at      405.    433,    472.    499  ft.  the  mottles 

are        8.        5,        3,    1-0  mm.  respectively. 

It  is  much  veined  and  seamed;  one  set  nearly  parallel  to  core, 
probably  vertical  or  nearly  so,  striking  S.  E.;  another  nearly  at 
right  angles,  at  an  angle  of  71.5°  with  core,  63.5°  with  vertical  per- 
haps. If  this  is  the  Mabb  ophite  it  is  the  bed  at  the  top  of  Hole  14 
and  occurs  quite  persistently  a  short  distance  above  the  horizon 
of  the  Baltic  Lode. 

In  Holes  14,  13  and  3  the  normal  rate  of  increase  of  augite  grains 
A  appears  to  be  for  the  Mabb  ophite  respectively  1  mm.  in  13.8, 
13.2,  and  15.8  feet. 
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8.  Ophite  27  (27) 

Amygdaloid  d  13.     513-519 

Not  marked  but  fine  grained  to  527 
Trap  d  13.     519-540 

At  527  to  534  faintly  ophitic,  with  two  sets  of  pink  laumontitic 
fissures  at  right  angles  to  each  other  and  at  33 °J  and  56°i  to  the 
core. 

9.  Ophite  44  (44) 

Amygdaloid  d  13.     540-548 

Veined;  coarse;  epidotic. 
Trap  d  13.     548-584 
2  mm.  mottles  at  565  ft.     Seams  are  at  only  10°-15°  angle  with  core. 

10.  Feldspathic  melaphyre  42  (42) 

Amygdaloid  d  13.     584-595 
Light  gray-green  amygdaloidal 
Trap  d  13.     595-626 

This  is  slightly  coarser;  1  mm?  at  605  feet,  and  glomeroporphy- 
ritic  with  feldspar  aggregates.  Towards  the  base  there  is  a  sandy 
clasolitic  seam  nearly  at  right  angles  (79°)  to  the  core. 

In  Hole  14.  132  to  282  we  seem  to  have  under  the  hea\'y  ophite 
a  group  of  somewhat  similar  extra  feldspathic  traps.  i 

The  suggestion  seems  plausible  that  in  d  13  the  Mabb  ophite  has 
not  been  as  much  upheaved  as  in  d  14;  in  the  former  case  the  big 
slip  is  above,  in  the  latter  below  14. 

11.  Feldspathic  melaphyre  34  (34) 

.\mygdaloid    d  13.     625  to  635 
Trap  d  13.     635  to  660 

Specked  at  top  and  somewhat  porphyritic  with  feldspar. 

12.  Feldspathic  melaphyre  14  (14) 

Amygdaloid  d  13.     660  to  674 

The  bottom  contact  of  this  is  marked,  as  often  happens  with  the 
feldspathic  beds,  the  tops  are  ill  marked  and  they  are  more  or  less 
amygdaloidal  throughout.  It  is  quite  likely  that  10,  11  and  12 
are  all  one  flow.  In  Hole  14  we  find  similar  beds  between  14.  131 
and  14.  282,  and  in  Hole  3  beneath  the  heavy  ophites  down  to 
3.  673  there  is  a  considerable  interval  do^-n  to  3.  891  in  which 
no  marked  ophites  occur.  This  hole  seems  on  the  whole  less  dis- 
turbed at  this  point  than  the  others. 

13.  Amygdaloidal  melaphyre  d  13.     674  to  694 

The  amygdaloid  is  marked  and  seems  to  dip  at  an  angle  of  51.5° 
against  the  core,  but  this  may  be  the  effect  of  numerous  slips  at 
45°  to  the  core,  probably  vertical  seams  which  seem  to  attend  the 
big  fissure. 

14.  Fissure 

Extensive  shearing  at  45°  to  the  core,  i.  e.,  probably  about  vertical. 

15.  Feldspathic  ophite.     Baltic  lode  and  Foot? 

Amygdaloid    d  13.     696-698 

Trap  d  13.     698-744  or  748 

At  701  to  704  a  little  copper 

Dr.  Hubbard's  thin  section  at  705  ft.  shows  under  microscope  a 
coarser  ground  mass  than  d  3.  872  of  about  half  plagioclase  laths; 
about   a   tenth   iron   oxides,    idiomorphic   but   largely   secondary, 
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minute  specks  of  disseminated  calcite,  and  some  filling  very  minute 
cracks,  apparently  not  over  5%,  and  a  few  porphyritic  feldspar 
crystals? 

At  725  ft.  it  remains  speckled  and  slightly  porphyritic  in  appear- 
ance. At  731  to  4  there" appears  to  be  a  faint  2  mm.  mottling. 
At  737  it  is  so  brecciated  as  to  look  like  a  conglomerate,  and  con- 
tinues gray  brecciated  to  748.  But  this  is  probably  not  a  genuine 
conglomerate.  Conglomerate  3  may  be  thrown  back  by  the  fissure 
of  Belt  4. 

This  may  probably  be  continued  by  the  section  of  the  trenching 
on  the  east  side  of  the  N.  E.  \  of  the  X.  AY.  \  of  Sec.  14,  T.  54  N., 
R.  34  W.  which  begins  at  the  S.  E.  with  holes  in  the  eastern  sand- 
stone and  exposed  a  good  deal  of  disturbed  matter  and  at  least  one 
fairly  heavy  ophite  and  four  amygdaloid  zones  in  some  300  or  400 
ft.  A  black  and  white  amygdaloid  with  copper  float  may  be  in 
the  lode  near  which  No.  13  ends. 


Isle  Royale  drill  hole  14.  About  1100  ft.  E.  and  300  ft.  N.  of  the  S.  \  post  of  Sec. 
11,  T.  54  N.,  R.  34  W.  Elevation  380  A.  T.  Put  downi  about  at  right  angles  to  the 
strike  and  dip  at  an  angle  of  34°.  In  the  pit  in  which  it  was  started  the  overburden 
was  in  places  not  5  ft.  deep.  It  is  paralleled  by  trenching  from  the  S.  E.  corner  of 
the  S.  W.  of  the  §.  E.of  Sec.  11. 

1.      Drift  30  ft.  (17) 

[52].       2.      The  Mabb  ophite 

Trap  d  14.     30-131  +  101  +  top  equal  (203  +  ?) 

This  coarse  ophite  seems  to  be  about  the  same  in  grain  as  that 
d  14.  600  to  700,  which  may  be  the  same  dropped  down,  or  rather 
not  thrown  up  so  much,  and  appears  to  be  the  one  found  almost 
continuous!}',  shortly  above  the  horizon  in  which  the  Baltic  lode 
is  sought.  At  76  is  an  amygdaloid  or  doleritic  spots;  at  115  num- 
erous chloritic  slips  at  22°  to  the  core;  at  131  slips  parallel  and  at 
22°  to  the  core,  and  also  a  white  seam  at  less  than  22°  is  faulted 
by  one  at  23°.  This  could  be  explained  as  a  vertical  seam  striking 
N.  thrown  by  a  northwesterly  seam  with  a  rather  flat  hade  to  the 
X.  There  are  others  parallel  and  at  53°  to  it, — the  latter  prob- 
ably nearly  parallel  to  the  dip.  The  grain  shows  at 
30,  41,  62,  84  (finer),  99,  115,  127  feet  ophitic  mottles  re- 
spectively 

8,    5-7,    4-5,      5  3-4,    2-3,        1  mm.  across 

an  average  rate  of  increase  of  about  1  nun.  in  13  ft. 
Cf.  I.  R.  d  3  from  673  back  to  565  ft. 

3.  Brecciated  amygdaloid  and  very  likely  slide  or  a  little  amygdaloid 
conglomerate  dl4.     131-141  10  (10) 

Ihe  breccia  shades  into  the  underlying  trap,  but  there  appears 
to  be  red  and  dark  green  fragments  of  sedimentarj'  origin,  epidote 
and  calcite,  in  the  amygdaloid. 

4.  Feklspathic  ophite  31  (31) 

Amygdaloid  removed  or  included  in  the  overlying  bed. 
Trap  d  14.     141-172. 

Specked,  fine  grained,  slightly  porphvritic  to  151.     At  152  a  cal- 
61 
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cite  seam  at  68°  to  the  core;  at  152  seams  parallel  and  at  45°  to 
the  core;  at  162  ophite  2-3  mm.  mottles;  at  168  1-2  mm. 

In  this  hole  there  is  vei-y  little  of  the  felilspathic  beds  under  the 
Mabb  ophite  prominent  in  No.  13.  It  may  be  that  they  are  faulted 
out  in  Beil  3  and  so  the  scdimentaries  of  the  Conglomerate  3  group 
brought  nearer. 

5.  Basic  sandstone  and  conglomerate  d  14.     172-KS0+      8  (8-1- ) 

Well-marked  at  172;  at  173  pebV)le  of  black  and  white  amygda- 
loid in  it.     A  seam  at  35°  to  the  core  is  faulted  by  one  perpendicular 
to  it  but  parallel  to  the  core.     The  bed  passes  at  180  into  epidotic 
conglomeritic  appearing  stuff. 
Cf.  I.R.3.     706  to  722. 

6.  Ophite  25  (25  +  ) 

Amygdaloid  eroded  away  or  merged  in  the  seam  above 
Trap  d  14.     Ib0-20r) 

Fine  grained  with  occasional  launiontite  seams,  reaching  1  to  2 
mm.  mottles  at  lf;2  ft.  with  seams  at  31  °  and  53.5°  against  core. 

7.  Feldspathic  melaphyre  33  (33) 

Amygdaloid    d  14.     205-212 

Seamed  at  22°  to  the  core;  epidotic  at  the  base. 

Trap  d  14.     212-238 

Fine  grained,  feldspathic  looking,  with  seams  at  11°  against  the 
core. 

8.  Feldspathic  melaphyre     Baltic  lode?  44      .  (44) 

.\mygdaloid  d  14.     238-249 

Poor 

Amygdaloidal  trap  d  14.     249-282 

While  the  amygdaloid  as  a  whole  is  poor  looking,  yet  at  264 
there  is  a  prehnitic  alteration  of  the  slightly  glomeroporphjTitic 
feldspathic  trap  which  carries  a  trace  of  copper.  The  seams  are 
at  22.5°  against  the  core.  This  is  in  feldspathic  beds  like  d  13.  701, 
and  is  near  the  second  amygdaloid  below  d  14.  172  to  180  which 
we  have  matched  with  I.  R.  d  3.  706  to  722.  In  No.  3  the  second 
amygdaloid  is  at  d  3.  790-795  which  has  also  a  little  copper  with 
which  we  may  correlate  it  provisionally.  This,  too,  is  the  belt 
upon  which  Section  12  shaft  is  sunk.  It  seems  to  bear  a  little 
copper  quite  persistently.  It  is  the  second  amygdaloid  above 
the  first  conglomerate  below  the  Mabb  ophite.  This  brings  it 
about  the  position  of  the  Baltic  lode. 

9.  Amygdaloid  conglomerate  d  14.     282-310  28+  (28) 

The  sediment  contact  is  about  perpendicular  to  core,  at  71  ° 
with  it,  and  there  are  seams  31  °  with  the  core.  At  about  288  it 
changes  to  a  decomposed  bed,  apparently  an  amygdaloid  con- 
glomerate which  remains  the  same  to  310,  after  which  there  is  a 
good  deal  of  trap,  perhaps  merely  a  talus  block. 

10.  Trap?         d  14.     310-328  "  18  (18) 

Fine  grained,  perhaps  a  talus  block. 

11.  Conglomerate         d  14.     328-353+?  25  (25) 

This  is  a  clear,  well-marked  conglomerate,  with  quartz  grains 
(333)  and  occasional  pebbles.  The  dip  makes  an  angle  of  31  °  with 
the  core;  at  336  is  a  regular  clay  (red  fluccan)  and  there  is  a  mixture 
of  trap  and  conglomerate  with  verj^  abundant  seams  of  red  clay 
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which  make  an  angle  of  about  49°  with  the  core,  to  348;  thence 
to  353  is  mainly  conglomerate. 
12?     Trap         d  14.     353-358  5  (5?) 

At  358  is  a  slip  parallel  to  the  seam  and  another  at  49°  to  it.  It 
is  a  question  whether  this  is  a  block  in  the  conglomerate  or  faulted 
in.  It  is  certainly  not  a  normal  succession  as  there  are  no  amyg- 
daloids  and  it  is  thin. 

13.  Conglomerate         d  14.     358-373  15  (15) 

Well-marked  and  with  small  apparently  felsitic  pebbles;  seams 
at  79°  to  the  core;  the  basal  contact  is  well  marked.  It  is  probable 
that  Belts  9  to  13  are  closely  allied  making  up  the  general  horizon 
of  Conglomerate  No.  3, — the  Baltic  Conglomerate.  But  in  such 
case  compared  with  the  section  at  Baltic  a  good  deal  has  been  cut 
out.  The  general  position  corresponds  to  No.  3.  879  to  891 
where,-  however,  the  red  fluccan  represents  a  hiatus.  No.  13  may 
be  just  approaching  this  horizon  at  the  verj'  bottom  738  to  747. 
It  is  near  the  top  of  I.  R.  d  2  where  55  to  106  corresponds  roughly 
to  d  14.  328  to  373.  This  is  a  good  deal  nearer  to  the  lode  I  have 
called  the  Baltic  lode  than  the  Conglomerate  is  at  the  Baltic.^  But 
it  must  be  remembered  that  at  the  Champion  it  is  still  farther 
away  than  it  is  at  the  Baltic. 

14.  Melaphyre  ■  25  (25) 

Amygdaloid    d  14.     373-380 

Marked;  seamed  parallel,  and  at  45°  to  the  core. 
Trap  d  14.     380-398 

Fine  grained;  seamed  parallel,  at  11°  and  45°  to  core. 
Amygdaloid    d  14.     398-400  2  (2) 

Red  base,  white  amygdvdes  dip  49°;  seams  at  18°  to  core;  bed- 
ding at  71.5°;  faulted  by  seams  at  11  °  to  the  core. 

15.  Conglomerate         d  14.     400-430?  30  (30) 

At  407-409  trap  black;  then  felsitic  to  420;  at  424-430  more  trap; 
at  430  a  brown  rock  with  blotches  which  I  take  to  be  derived  from 
a  steam  filled  mud. 

16.  MelaphjTe?  23  (23) 

Amygdaloid    d  14.     430-436 

Trap  d  14.     436-453 

Brecciated  until  it  looks  like  conglomerate  at  443,  then  hard  and 

seamed  (at  53°  to  48°  against  core). 
17       Melaphyre  5?  (5) 

Amygdaloid   d  14.     453^56 

Trap  d  14.     456-458 

18.      Ophite  56+  (60) 

Amygdaloid  d  14.     458-462 

Amygdaloidal  melaphyre  d  14.     462-466 

.Amygdaloid  d  14.     466^70 

Well-marked  gray  and  white  and  red. 

Trap  d  14.     470-514  + 

Seamed  at  68°  and  34° 

The  ophitic  mottles  are  rather  separate,  like  scattered  rice  grains; 

at     483,      497,      507  to  511  the  mottles 

are    1-2,  2,  1  to      2  mm.  respectively. 

Then  at  514  there  is  a  big  seam  antl  then  coarser  mottling. 
62 
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Evidently  about  10  ft.  of  the  base  of  tliis  flow  is  cut  off  as  well 
as  the  top  of  the  next. 

19.  Ophite  29  (40  +  ) 

Amygdaloid  (cut  off  by  big  fault) 
Trap  d  14.     514-543 

At  520,      530  growing  finer 

2-3,  2  mm. 

This  is  much  seamed  near  514;  again  at  520  at  90°  and  64°  with  core. 
This  is  quite  possibly  a  repetition  by  faulting  of  the  lower  part  of  18. 

20.  Breccia  or  conglomerate  replacing  amygdaloid 

d  14.     543-547  4  (4) 

21.  Ophite  25  (30±) 

Trap  shattered  d  14.     547-572 

Brecciated  at  550-555  aiid  (juite  like  a  conglomerate  in  place  to 
569.  Still  veined  and  brecciated  to  572  where  it  is  very  much 
seamed.     Ophitic  mottles  in  spots,  at  549  1  to  2  mm. 

22.  Probably  large  fault  repeating  the  series  near  572         0    •    0 

23.  Ophite  (the  Mabb  ophite  repeated?)  d  14.     572-813         241     (250) 

This  ophite  is  much  seamed  and  veined  and  the  grain  more  or 
less  irregular,  but  on  the  whole  it  appears  as  coarse  as  the  Mabb 
ophite  toward  the  center,  by  direct  comparison.  It  has  a  redder 
hue  due  to  alteration,  and  the  patches  of  mottles  seem  more  iso- 
lated, which  may  be  due  to  a  more  extensive  chloritization  of  the 
augite  patches  before  they  were  oxidized.  It  may  of  course  be 
some  other  large  ophite.  The  mottles  are: 
at  578,  581,  588,  598,  (seamed  and  faint  from  604  on),  627, 
1,    2-3,    3-5,    5+,  5-7, 

649,    668,    750,    760-783,        801  feet. 

5,    5-7,        1,    fine,  seam,        2  mm.  across. 

The  slips  make  with  the  core  an  angle  of  51  °,  etc.,  74°,  60°,  35°, 
31°  being  probably  near  vertical;  at  588,  637,  647,  742,  783  re- 
spectively; from  604  to  627  full  of  red  seams  and  brecciation;  and 
to  660  much  seamed,  and  especially  just  above  742,  and  about 
783  feet. 

24.  Conglomerate         d  14.     813  to  825  12  (12) 

Marked,  felsitic. 

25.  Felsitic  melaphyre  41  (41) 

Amygdaloidal  trap  d  14.     825-827 
Trap  d  14.     827-866 

Begins  black  and  white  amygdaloid,  grows  gray  and  coarser 
with  less  amygdaloid,  grows  finer  from  859  down. 

26.  Felsitic  melaphyre  21  (21) 

Amygdaloid    d  14.     866-875 

Marked;  dark  base  with  gray  and  pink  laumontite 
Trap  d  14.     875-887 

.        Bunches  slightly  glomeroporphyritic  with  2  mm.  bunches  of  feldspar. 
These  beds  seem  to  come  under  the  Mabb  ophite  in  Hole  13. 

27.  Melaphyre  17  (17) 

Amygdaloid    d  14.     887  to  891 

Heavy  calcite  seam  at  base 

Trap  d]4.     891  to  904 

Speckled  and  at  base  brecciated  and. perhaps  conglomerate. 
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28.  Breccia  or  conglomerate  d  14.     904-951  (47±) 

\r  Looks  especially  conglomeritic  about  914;  speckled  and  faulted 
to  922;  conglomerate?  to  924;  ophite  pebbles  3  mm.;  at  932  2  mm.; 
at  934  1  mm.,  and  finer,  full  of  seams,  to  944  and  brecciated  be- 
yond. On  the  whole  this  appears  like  a  shattered  ophite  and  we 
get  spots  showing  2  mm.  mottles;  at  949  mainly  seamed;  at  951 
seems  to  be  a  little  regular  conglomerate. 

29.  Amygdaloid    conglomerate   w'ith   streaks    or   blocks   of   trap   and 
amygdaloid  d  14.     951-993  42  .  (42) 

Amygdaloid    d  14.     951-955 

Trap  d  14.     959-963;  969  to  971;  983  to  987. 

These  small  streaks  are  either  faulted  in  or  are  blocks. 
Ophite         d  14.     993-999  6± 

The  mottles  are  2  mm.,  showing  that  this  is  a  block. 
From  999  to  1001  is  a  transition  to  the  Eastern  sandstone. 

30.  Eastern  or  Jacobsville  sandstone  d  14  999-1017 

Dip  about  45°  with  core  from  999  to  1001;  to  1004  coarse  grained, 
mainly  white,  rounded  quartz  with  few  dark  red  or  black  grains 
also;  dip  against  core  59°,  49°  or  45°. 

The  Isle  Royale  did  some  work  on  Section  12,  farther  southeast 
along  the  strike,  the  results  of  which  are  given  in  Figure  45  and 
shown  in  Plate  X  and  discussed  somewhat  above.  I  conceive  that 
near  the  eastern  sandstone  some  blocks  containing  the  Mabb  ophite 
have  not  been  so  much  unheaved,  so  that  we  are  liable  to  find  that 
and  the  underhing  Baltic  horizon  repeated.  It  is,  of  course,  pos- 
sible that  faulting  has  brought  together  other  similarly  heavy 
ophites.  It  is  also  probable  that  the  smooth  and  continuous  curve 
in  which  Conglomerate  8  was  put  in  on  Plate  X,  connected  by  dots 
that  show  our  ignorance,  will  be  found  to  be  broken  here  and  there, 
and  that  these  breaks  become  more  and  more  pronounced  near  the 
great  fault. 

It  will  be  seen  from  the  Isle  Royale  cross-section  (Fig.  44)  that 
I  consider  the  formation  much  distorted  and  sheared  at  the  south 
end.  In  other  words,  I  believe  that  as  we  approach  the  soutb  side 
of  the  range,  which  is  bordered  by  a  fault  that  aggregates  many 
thousand  feet,  we  meet  more  and  more  nimierous  disturbances.  Is 
there  not  evidence  that  motion  in  this  plane  took  place  at  various 
times  during  a  long  interval,  that  the  Lowest  Keweenawan  (the 
Bohemian  Range  group)  was  upheaved  long  before  the  nearly  flat 
Freda  sandstones  were  laid  down, — indeed,  before  the  Calumet  and 
other  felsitic  conglomerates  which  contain  pebbles  of  its  acid  in- 
trusives?  But  there  seems  also  reason  to  believe  from  the  disturbed 
condition  of  Limestone  Mountain,  so  carefully  worked  out  by  W. 
L.  Honhold,  (Fig.  47)  that  disturbances  occurred  along  this  line 
even  after  the  Niagara,  perhaps  at  the  time  of  the  Appalachian 
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revolution.  Thus  it  is  perfectly  possible  to  find  wedges  of  Jacobs- 
villa  sandstone,  as  shown  in  the  Torch  Lake  section,  formed  on  the 
Keweenawan  and  at  the  same  time  overlapped  by  it  in  this  later 
faulting. 

§15.  FAULTING  NEAU  PORTAGE  LAKE  (PL.  X.) 

The  valley  of  Portage  Lake  is  not  itself  due  to  faulting.  It  was 
rather  carved  down  into  the  Trap  range  by  some  superimposed 
river  which  flowed  across  flat  lying  sedimentaries  from  the  Huron 
Mountain  boss,  while  gradually  erosion  exposed  the  Trap  range. 
This  implies  that  the  Trap  range,  as  we  now  have  it,  was  once  com- 
pletely enveloped  with  sandstone  or  other  flat  lying  sedimentaries, 
and  that  the  lowlands  of  sandstone  on  either  flank  are  the  re- 
sult of  erosion.  Cores  and  blocks  of  sandstone  high  up  on  the  range, 
residues  clinging  to  it  like  those  which  have  been  described  by 
Hubbard,^  and  the  sandstones  and  the  sedimentary  Trenton  and 
Niagara  limestones  of  Limestone  Mountain  both  confirm  this  view. 
But  Marvine  describes  a  fault  as  following  Portage  Lake  which 
would,  on  passing  from  the  north  to  the  south  side,  heave  the 
Allouez  conglomerate  710  feet^  horizontally,  at  right  angles  to  the 
strike,  and  other  beds  from  705  to  740  feet.  Recent  work  at  the 
Dacotah  (South  Quincy)  confirms  this.  On  the  other  hand,  Hub- 
bard and  W.  W.  Stockly  had  made  a  very  careful  survey  of  the 
Isle  Royale-Arcadian  lode  and  as  a  result^  came  to  the  conclusion, 
which  I  think  a  comparison  of  the  detailed  drill  section  here  given 
only  confirms,  that  the  Isle  Eoyale  and  Arcadian  bed  were  the  same 
and  that  the  horizoual  displacement  could  at  most  be  275  feet, 
and  that  a  gentle  cur\'e  of  only  3°  20'  in  15,000  feet  would  make 
them  continuous.  Now  to  reconcile  these  facts  we  may  suppose 
(1)  a  fault  of  increasing  throw  along  the  lake,  (2)  a  strike  fault 
with  a  dip  other  than  that  of  the  beds  stopping  or  changing  the 
amount  of  displacement  suddenly  at  a  fissure  near  the  lake,  (3) 
a  fault  which  as  Conglomerate  8  can  be  followed  south  of  Portage 
Lake  quite  continuously  through  Sections  1  and  36,  and  the  Isle 
Eoyale  mine  levels  run  from  Section  1  through  36  to  11,  would 
have  to  run  north. 

There  are  disturbances  in  the  Hancock  mine,  and  the  Quincy 
cross-cut  described  above  has  the  Allouez  conglomerate  (15)  re- 
placed by  a  slide  with  an  average  steep  dip  of  63°,  while  the  con- 
glomerate which  might  be  identified  with  the  Houghton  might  also 

iVol.  VI,  Pt.  II,  pp.  12.3-124.     See  also  map  of  Sec.  12.  T.  54  N.,  R.  34  W. 

2Vol.  I,  Pt.  2,  p.  61. 

3Vol.  VI,  Pt.  II,  pp.  108-109. 
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be  the  Alloiiez  faulted  back.  But  this  would  seem  to  be  negatived 
by  the  contiuuity  of  the  mine  drifts  unless  there  has  been  an  un- 
conscious passage  from  one  amygdaloid  horizon  to  another.  As 
C.  D.  Lawton  says  in  his  reports  as  Commissioner  of  Mineral 
Statistics,  the  Quincy  mines  a  belt  200  feet  wide  including  more 
than  one  amygdaloid. 

The  developments  in  the  Hancock  mine  in  which  considerable 
displacements  may  be  expected  will  in  time  settle  the  question 
definitely.  The  Quincy  mine  has  an  apparently  tight  calcite  part- 
ing, shown  in  the  published,  mine  maps,  which  runs  from  near  No. 
25  shaft  about  N.  35°  W.  Near  this  and  near  fissures  generally 
the  vein  is  leaner.  The  Quincy  is,  on  the  whole,  one  of  those 
''richest  under  high  ground."  There  seems  also  to  be  a  slide  from 
No.  7  running  more  nearly  east  and  west  and  dipping  to  the  north. 
Whether  there  is  a  block  dropped  between  these  two  back  to  the 
southeast  ma}-  be  a  question.  It  is  often  reported  to  be  leaner  with 
depth  and  in  No.  8  shaft  at  the  north  there  was,  at  least  at  the 
beginning,  more  laumontite,  less  prehnite. 

Supplementing  Section  XI  of  Volume  I  of  these  reports,  we  may 
add  the  following  notes.  The  Freda  sandstone  is  exposed  not  only 
there  along  the  Lake  Superior  shore  but  on  the  hill  in  Section  29, 
T.  54  N.  and  R.  34  W.,  and  it  is  said  also  in  Boston  Creek,  Sec- 
tion 2  of  the  same  town  and  in  St.  John's  Creek  a  mile  northeast. 
It  is  also  found  in  Cole's  Creek,  Section  33,  where  it  dips  12°  to 
N.  67°  W.  As  such  dips  are  within  the  range  of  initial  deposition 
dips,  it  is  veiy  unsafe  to  estimate  thickness  from  them.  There  is 
a  breadth  of  over  seven  miles  which  at  a  12°  dip  would  give  a  thick- 
ness (6,300  feet). 

Then  to  tlie  Atlantic  stamp  mill  the  dip  probably  steepens  to 
match  that  on  the  north  side,^  for  in  the  creek  valley  the  sandstone 
dips  28°  to  29°  to  N.  70°  W.  It  is  broken  by  small  slips  and  dis- 
placements parallel  to  the  trend  of  tlie  Trap  range  which  is  more 
east  of  north.     One  might  add    a    thickness    of    4,400  x  sin  28° 

(2,100  feet). 

File  14-4  is  an  old  section  by  E.  J.  Hurlburt,  (July,  1858),  of 
the  section  along  the  south  shore  of  Portage  Lake  duplicating  XI 
of  Volume  I  to  some  extent.  The  distances  are  scaled  along  an 
east  and  west  line.  To  get  thickness  one  should  multiply  by  (cos 
33°  X  cos  dip)  or  about  .3.  From  the  sandstone  just  mentioned 
to  the  beginning  of  this  old  section  is  about  1,700  feet  in  thickness, 
(800)  to  (1,000)  feet.  The  numbers  to  the  conglomerates  are  those 
of  Marvine's  Section  11. 

'Which  dips  24°  to  29°  to  N.  63°  23 '  W.  L.  L.  H. 
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22.        "Conglomerate  extent  undetermined  1200  feet  to 

west  boundary"  80+ 

"Compact  gray  trap"  86  (26) 

21.     "Old  red  sandstone"  20  (6) 

"Amygdaloid"  '  68  (21) 

20.  "Vein  split  up  laumontite  strings.  25  lb.  copper 
taken  out,  ancient  pits,  stone  implements  on  this 
vein  and  charcoal  found,  1858  24  (7) 

"Coarse  gray  trap  granular"  132  (44) 

19.     "Old  red  sandstone"  18  (6)      84 

"Trap  gray  compact  containing  a  heavy  deposit  of 
epidote"  126  38 

On  hanging  of  conglomerate  "large  vein  epidote, 
spar,  prehnite,  and  some  quartz.  100  lb.  copper 
taken  out,  ancient  pits  on  this  vein,"  June  25,  1858. 
18.     "Conglomerate"  200  60         98 

"Small  vein  spar,  epidote,  laumontite" 

"Strings  of  laumontite" 

"Coarse  gray  trap"  3.50  (105) 

"Epidote  vein" 

"Gray  compact  trap  resembling  the  overlying  of 
rock  of  Pewabic  lode  350  (105) 

Next  is  about  620  feet  from  the  quarter  post  just  mentioned 
covered  by  the  trenching  of  cross-section  and  including  Conglom- 
erate IT,  the  Hancock  West.  This  takes  us  to  a  hole  put  do\\Ti  by 
the  Dacotah  Heights  Company.  This  was  at  45°  to  S.  56°  W., 
practically  at  right  angles  to  the  strike,  and  so  nearly  at  right 
angles  to  the  dip  that  less  than  4%  correction  certainly  is  neces- 
sary. It  is  36  feet  A.  L.  S.  in  the  mouth  of  an  old  adit  from  which 
there  is  a  stream.  The  record  by  A.  H.  Meuche  follows  and  begins 
nearly  where  cross-section  XI  ends. 

Dacotah  Heights  drill  hole  1. 

1.  Glomeroporph^Titic  ophite. 

No.  core  d  1.       0-15. 
Trap        d  1.     15-87. 

The  hole  started  above  an  old  trench  and  is  in  foot  Tvall  of  lode  when 
they  began  to  drill.  The  first  fifteen  feet  for  which  there  is  no  core  prob- 
ably represents  the  amygdaloid  upon  which  they  were  trenching. 

2.  Glomeroporphyrite. 

Amygdaloid  with  copper  d  1 .     87  -94 

Trap  (Porphyrite)  d  1.     94-97^ 

Amygdaloid  with  some  sediment    d  1.     97i-98^ 
Trap  dl.     98H08. 

These  two  beds  have  the  characteristics  of  the  beds  immediately  above 
the  Pewabic  lode.  The  feldspar  crystals  have  aggregated  into  groups 
presenting  to  the  eye  a  sort  of  mottled  appearance  somewhat  like  the 
ophitic  mottlings  except  that  they  are  not  so  pronounced  and  are  whiter 
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in  color.  If  well  pronounced  these  aggregates  are  liable  to  be  mistaken 
for  amygdules.  These  same  beds  are  often  porphyritic  and  individual 
feldspar  crystals  larger  than  the  general  run  of  them  are  found  not  only 
in  these  cores  but  in  specimens  from  other  places. 

3.  GlomeroporphjTite. 

Amygdaloid  d  1.      108-114 
Trap  114-116 

Amygdaloid  116-121 

Trap  121-126 

Beds  Nos.  2  and  3  seem  to  be  united  north  of  Portage  Lake. 

4.  Glomeroporphyrite. 

Amygdaloid    125-132 
Trap  132-140 

Amygdaloid  (or  bomb?)  140-142 
Trap  142-164 

5.  Glomeroporphyrite. 

Amygdaloid    d  1.     164-167 
Trap  dl.     167-183 

6.  Glomeroporphyritic  ophite.     Pewabic  lode  and  Foot. 

Amygdaloid  d  1.      183-189^ 
Trap  189^193 

Amygdaloid  193  -197 

Trap  197  -296 

The  top  of  this  flow  is  the  Pewabic  lode  and  is  probably  represented  by 
these  two  amygdaloids  with  the  intervening  trap. 

Base  of  flow  above  base  of  Allouez  Conglomerate  (394) 

North  of  Portage  Lake  this  distance  is  (379) 

7.  Glomeroporphyritic  ophite.     Old  Pewabic  lode  and  foot  wall. 

Amygdaloid  d  1.      296-306 

Trap  306-332 

Amygdaloid  332-336 

Trap  336-339 

Amygdaloid  339-345 

Trap               d  1.      345-347 

Amygdaloid  347-350 

Trap  350-406 

Base  above  base  of  Allouez  conglomerate  (284) 

North  of  Portage  Lake  this  is  (278) 

8.  Ophite 

Amygdaloid  d  1 .      406-442 
Trap  <1  1 .      442-526 

This  is  more  typically  ophitic  than  any  of  the  beds  above.  Ilie  niot- 
tlings  are  here  caused  by  the  augite  crystals.  The  bed  is  thicker^here 
than  to  the  north  and  causes  somewhat  of  a  discrepancy. 

Base  above  base  of  Allouez  conglomerate  (164) 

North  of  Portage  Lake  this  is  (249) 

9.  Glomeroporphyrite.     Albany  &  Boston  Amygdaloid  and  Foot. 

Amygdaloid  d  1 .      526-530 
Trap  d  1.      530-567 
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10.  Melaphyre 

Amygdaloid  d  1 .  .567-581 

Trap  581-602 

Amygdaloid  602-605 

Trap  605-628 

Amygdaloid  628-629 

11.  The  Mesnard  lode. 

Sediment  d  1.     629-631 

Often  called  the  St.  Mary's  lode  or  Epidote  and  Mesnard  Epidote.  An 
indurated  volcanic  ash.  Around  Portage  Lake  is  epidotized  and  it,  to- 
gether with  the  Allouez  conglomerate  beneath,  make  one  of  the  easiest 
and  surest  correlations  which  we  have  in  the  entire  Keweenawan  Series. 


Base  above  base  of  Allouez  conglomerate  (59) 

North  of  Portage  Lake  this  is  (90) 

12.  Glomeroporphyrite. 

Amygdaloid  d  1.      631-635 
Trap  dl.      635-642 

13.  Ophite  (?).     "The  Greenstone." 

A  series  of  traps  and  amygdaloids  d  1.     642-674. 

This  is  all  that  is  left  of  that  bed  so  famous  and  strong  in  Keweenaw 
County. 

14.  Allouez  conglomerate 

Conglomerate  d  1 .     674-690 

Often  called  the  Albany  and  Boston  conglomerate.  It  often  carries 
copper  but  in  no  place  so  far  has  there  been  enough  copper  to  pay  to  mine. 
According  to  Marvine  this  is  Conglomerate  No.  15. 

15.  Ophite  4  mm. 

Amygdaloid  d  1.      690-696 
Trap  696-700 

Amygdaloid      .       700-712 
Trap  712-714 

Amygdaloid  714-720 

Trap  720-725 

Amygdaloid  725-730 

Trap  730-734 

Amygdaloid  734-737 

Trap  737-795 

I  speak  of  this  as  a  four  mm.  ophite  because  the  mottlings  reach  a  dia- 
meter of  four  millimeters.  The  size  of  grain  of  these  ophites  is  often  use- 
ful in  correlating. 

16.  Feldspathic  ophite.     4  mm. 

Amygdaloid  d  1.      795-806 
Trap  d  1.      806-863 

This  amygdaloid  may  be  correlated  as  the  Medora  lode  but  the  distance 
between  the  two  points  is  too  great  to  consider  this  as  anything  but  a 
suggestion. 

17.  Ophite  6  mm. 

Amygdaloid  d  1 .      863-867 
Trap  d  1.      867-982 

If  the  above  correlation  is  allowed  this  ophite  could  be  called  the  Man- 
dan  ophite.  North  of  Portage  Lake  the  amygdaloidal  top  to  this  bed 
has  been  called  the  "Ragged  Amygdaloid"  by  Marvine.     M.  G.  S.      Vol.  I. 
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18.  Feldspathic  Trap. 

\.'7,         .\mygdaloiddl.     982-989 
;-^         Trap  dl.      989-1007 

19.  Ophite. 

Amygdaloid  d  1.  1007-1017 

Epidotic  Sediment  d  1.    1017-1020 

Trap  1020-1060 

It  will  be  noticed  that  Meuche,  and  I  think  he  is  right,  places  the  AUouez  at  690 
feet  which  would  correspond  to  about  250  feet  horizontally  across  the  strike,  and 
would  bring  it  nearly  in  line  with  what  has  been  called  the  Houghton  conglomerate 
in  the  Quincy  adit.'  The  Mesnard  at  630  would  be  thro^vn  790  feet  over.  The 
Pewabic  lode  at  189  would  be  thrown  23.5  feet  over. 

§16.     ATLANTIC  (PL.  X  AND  FIGS.  46   AND  47.) i 
The  collapse  of  the  shaft  on  the  old  Atlantic  lode  some  time  ago  has  caused  them 
to  -ive  considerable  attention  to  explorations,  both  in  their  land  on  Section  9  and 
Sec'tion  16  T  54  N.,  R.  34  W.     In  Section  9  continuous  trenching  was  earned  out  (as 
shown  on  Plate  X  and  Figure  46)  with  special  eye  to  the  Quincy  lodes. 

At  483  feet  a  conglomerate  has  been  struck  in  two  places,  Hubbard's  Conglomerate 

At  830  feet  from  the  Atlantic  foot  was  a  heavy  trap.     Cf.  Tamarack  5  belt  20. 
At  849  Amygdaloid  for  a  few  feet.  r,      -     iahq 

At  865  was  near  the  center  of  the  next  trap,  the  rock  at  8. 9  feet  was  like  ^p.  16413 
close  above  Conglomerate  16. 

At  879-890  was  an  amygdaloid  with  copper  (one  of  the  Hancock  lodes.) 

At  913  was  trap.     Cf.  Sp.  15304. 

At  935  was  amygdaloid  of  the  Ashbed  type. 

At  963  was  a  trap,  a  porphj-rite  of  the  .\shbed  tjT)e.      -  ^^r,  r    .         .^ 

At  997  was  an  amygdaloid  with  copper.     I  take  it  that  the  next  200  feet  are  the 

horizon  of  the  Quincy  mine.  .      ,    +     i mn      Pf 

At  1012  was  a  slightly  sedimentary'  top  of  a  flow  which  extends  to  104U.  Lt. 
Tamarack  4b  28  and  Sp.  16428  and  16429. 

At  1040  to  1085  A  there  was  amygdaloidal  porphyrite.     Cf.  bp.  lodol. 

\t  1115-1133  was  a  marked  basal  trap. 

\t  1133-1161  was  a  coarse  amygdaloid  like  some  of  that  at  the  Quincy. 

At  1161-1179  was  trap,  coarse,  massive,  feldspathic  and  chloritic,  like  that  which 
occurs  around  the  Quincy  mine,  cf.  16416  A.  ,     r  u       ^i.-         ^ 

At  1179-1194  was  amygdaloid.     Then  trap,  at   1225  coarsely  feldspathic  and 

'^\ri232-1234  was  two  feet  of  amygdaloid.  Cf.  Sp.  16413.  Then  trap  of  the 
ashbed  t>T)e  still,  ohgoclase  porphyrite.     Then  a  coarse,  dolentic  trap. 

At  1465-1482  is  amygdaloid.  (Cf.  in  the  Franklin  Junior  the  hea^T  amygdaloid 
belt  100  to  150  feet  above  the  Mesnard).     Then  another  trap. 

\t  1605  is,  I  think,  the  Mesnard  epidote,  a  few  feet  shading  into  amygdaloid. 
Just  underneath  is  a  well-marked  ophite,  not  verj'  thick,  the  first  marked  ophite 
and  so,  I  think,  the  last  edge  of  the  "Greenstone  "to  1650.  nc     ^^^ 

From  1650  to  1675  is  a  conglomerate  which  would  then  be  the  Allouez  (^o.  15).   _ 

At  about  1850  is  an  amygdaloid  with  below  it  a  well-marked  ophite  with  3  to  o 

mm.  mottles.     (Cf.  the  Mandan  ophite.) ^^^^___ ^ 

"  .Plate  X  and  Fig.  47  are  in  envelope.  The  Atlantic  Mine  is  now  consolidated  with  the 
"Copper  Range"  companies. 
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From  2200  to  2250  are  brilliantly  colored  brecciated  red  and  green  (epidote)  and 
white  (calcite)  amygdaloids  or  amygdaloid  conglomerates,  so-called  "calico"  lodes, 
much  like  stuff  that  commonly  occurs  near  the  horizon  of  the  Houghton  conglom- 
erate and  Montreal  lodes.  The  character  of  the  associated  traps  (not  known  to 
Hubbard  when  he  wrote  Volume  VI)  leads  me  to  be  pretty  sure  that  the  conglom- 
erate at  1650  feet  is  the  Allouez,  No.  15.  The  Mesnard  is  also  a  characteristic  bed. 
The  one  at  483  feet  would,  then,  be  about  (1000)  feet  in  thickness  above  it,  and  Con- 
glomerate A,  close  above  the  mine,  (the  splitting  off  of  a  great  block  of  the  hanging 
wall  along  this  conglomerate  closed  up  the  mine)  is  (468)  higher  yet,  and  the  three 
will  be  15,  16  and  17,  a  correlation  to  which  Hubbard  calls  attention  in  a  foot  note. 
It  is  clear  that  the  beds  of  Section  IX  of  Volume  I  and  those  exposed  on  the 
Dacotah  property  near  where  the  Copper  Range  crosses  the  Highway  are  above  the 
"Mesnard  Epidote"  and  are  in  the  Ashbed  group  and  not  far  from  the  beds  mined 
in  the  Quincy  mine.  Swinging  them  in  as  indicated  on  Plate  X  would  necessitate 
a  fault  of  not  over  300  feet. 

About  2000  feet  from  this  Houghton  (?)  conglomerate  at  the  end  of  Section  9 
trench  would  pass  a  strike  line  connecting  a  marked  conglomerate  on  Section  2 
with  one  (dip  55°  to  60°  to  N.  32°  W.)  about  1300  paces  north,  300  west  of  the 
northeast  quarter  of  Section  17.  The  associated  rocks  are  similar  to  rocks  south- 
west from  it  near  the  foot  of  Wheal  Kate,  beautifully  skeined  and  banded  with 
amygdaloid  seams,  rather  feldspathic,  with  a  dip  of  60°-70°  to  N.  38°  W.,  say  (2560) 
feet  from  or  (2100)  feet  below  what  I  take  to  be  the  Allouez  as  against  (1942)  for 
the  Kearsarge-North  Star  at  the  Arcadian. 

About  200  paces  south  begins  the  S.  Range  drilling  (Fig._  47)  and  while  Hole  No. 
4  (the  southernmost)  cuts  Conglomerate  8  to  6,  the  others  do  not,  so  that  we  may 
feel  confident  that  this  conglomerate  is  either  9  or  the  group  10  to  12,  the  Kear- 
sarge.  Farther  south  at  the  Winona  we  found  a  number  of  sedimentary  beds  at 
about  this  horizon.  I  think,  therefore,  we  may  safely  call  it  the  Kearsarge  as  that 
is  stronger  and  more  of  a  felsitic  conglomerate,  and  less  of  a  sandstone  than  No.  9. 

The  Kearsarge  lode  and  Wolverine  sandstone  horizon  is  then  untested.  The 
rest  of  the  section  to  the  Atlantic  cross-cut  on  Section  16  is  covered  by  the  South 
Range  holes.     The  following  are  the  engineer's  notes  of  location.     (See  map). 

From  this  conglomerate  hanging  it  is  5626.87  feet  to  the  Baltic  0,  and  5767  feet 
from  the  hanging  of  Conglomerate  3  which  is  97.56  feet  from  the  Baltic  0. 

No.  5,  South  Range  is  5368.49  feet  from  Baltic  outcrop  and  lode.  Elevation 
529.3  A.  L.S.     Dip  44°  41' 

No.  3'4458.51  N.  W.  of  Baltic  0  El.  418.7  A.  L.  S.  Dip  45°  11' 
No.  1  3581.38  N.  W.  of  Baltic  0         513.1  Dip  46°  26' 

No.  2  3546.02  N.  W.  of  Baltic  0  Dip  60° 

No.  4  2858.44  N.  W.  of  Baltic  0  Dip  46°  24' 

The  detailed  records  have  been  used  in  constructing  Fig.  47.  (It  will  be  noticed 
that  with  a  dip  of  hole  of  46°  and  a  dip  of  strata  of  68°  the  distances  along  the  hole 
and  horizontal  will  be  the  same). 

The  ground  intervening  is  3  and  10  is  drift  covered  and  does  not  belong  to  the 
Atlantic  Mining  Company,  so  that  they  take  up  the  section  again  in  Section  16. 
Unfortunately  their  work  there  is  so  close  to  a  cross-fault  that  it  is  seriously  dis- 
turbed and  down  to  the  21st  level  they  did  not  find  the  lode  valuable  or  settled. 
(See  Plate  X).  ^"  '■ 

The  South  Range  is  the  only  section  I  know  of  that  is  complete  above  Conglom- 
erate 8,  but  below  there  are  a  number.  There  is  a  mass  of  notes  on  trenches  on 
Isle  Royale  and  Superior,  but  they  show  more  or  less  faulting  and  are  disturbed 
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and  incomplete.  Underground  we  have  the  Atlantic  Section  16  cross-cut,  Fig. 
47  notes  of  which  follow. 

Atlantic  mine  cross-cut  (Fig.  47  and  PI.  X)  Section  16,  T.  54  N.,  R.  34  W.,  running 
N.  43°  16'  W.  to  S.  41°  27'  E.  Elevation  of  collar  331  A.  T.  East  cross-cut  52' 
lower;  west  cross-cut  609'  lower. 

Beginning  at  the  north  end,  the  distances  are  mainly  scaled  from  the  Superin- 
tendent, T.  Dengler's  diagram.  The  descriptions  are  from  a  naked  eye  examina- 
tion of  the  specimens  he  took,  and  also  from  my  own  visit  (Aug.  13,  1898)  and  ex- 
amination and  specimens  from  175  feet  northwest  of  the  shaft  to  460  feet  southeast. 
The  thicknesses  are  obtained  from'  the  widths  by  multiplying  by  sin  59°  4.y=.86. 

The  thickening  should  also  be  reduced  by  an  amount  depending  on  how  much 
the  strike  differs  from  being  at  right  angles  to  the  lode.  It  is  east  of  northeast.  If 
we  take  the  strike  of  Conglomerate  6  71°  E.  of  N.,  and  of  the  cross-cut  N.  45°  W., 
tlie  angle  is  66°,  and  the  drifts  run  in  the  north  part  of  the  cross-cut  indicate  some 
such  difference.  If  we  take  the  strike  of  the  Baltic  lode  N.  65°  E,  and  that  of  the 
cross-cut  N.  41°  16'  W.,  the  angle  will  be  74°.  We  shall  then  have  to  multiply  the 
thicknesses  given  by  .9  or  .96  to  get  a  truer  thickness. 

1.  Trap  1846-1810=36+   (31  +  ) 

Stopped  at  1846  feet  of  "West  drift"  12:24:1902  on  account  of  large 

stream  of  water. 

Amygdaloid  1810-1795=15  (13) 

A.  S.  21,  rather  feldspathic,  not  amygdaloid. 
A.  S.  22,  Trap.     Ophite  1795-1749=46  (39)  (83) 

2.  Amygdaloid  conglomerate  1749-1727=22     (19)  (102+) 

A.  S.  21,  with  gray-brown  clasolitic  material  imbedding  dark  angular 
fragments. 

3.  Ophite  (should  inclutle  part  of  2?)  ? 

A.  S.  21,  A.  S.  20.     Trap  1727-1596-131  (112) 

4.  Ophite  .    ■  (89) 

Amygdaloid  1596-1581=15  (13) 

A.  S.  20,  poor  red  and  white  amygdaloid  between  decomposed  ophite. 
Trap  1581-1 502  i=78i  (76) 

5.  Conglomerate  6.     1502i-1479=23i  (20) 

A.  S.  Belt  19  and  No.  6  conglomerate  shows  rounded  basic  and  felsitic 
pebbles,  with  a  green  chloritic  and  epidotic  matrix  and  calcareous  seam 
underlain  by  a  crushed  amygdaloid.  This  also  appears  in  the  railroad 
cut  and  the  conglomerate  and  underlying  amygdaloid  which  has  a  birdseye 
texture  are  similar. 

Base  below  beginning  of  section  (211) 


6.  Ophite.  (50) 

Amygdaloid  1479-1468=11  (9) 

A.  S.  19,  crushed  amygdaloid,  red  and  white,  fine  grained,  sheared  into 
birdseyes  1-2  mm.  across. 

Trap  1468-1420=48  (41) 

7.  Ophite.  (254) 

Amygdaloid  1420-1401.7=18.3  (15*) 

A.  S.  18,  fresh,  clear,  maroon  and  white  amygdaloid,  not  crushed. 

The  same  horizon  seems  to  appear  back  of  the  church  and  Baltic  hotel. 

Trap  1401.7-1157=244.7  (208) 

iThe  strike  is  supposed  to  be  at  ris?ht  angles  to  the  adit  wiiich  is  from  S.  44°  E.  to  S.  48°  E. 
in  direction. 
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8.  Ophite.  (133) 

Amygdaloid  1157-1139=18  (15) 

A.  S.  17.     Poor  amygdaloid  here. 

Trap  1139-1000=139  (118) 

A.  S.  17.     Foot  of  above,  ophite  with  chlorite  and  calcite  seams. 

Base  below  base  of  conglomerate  6  (407)  to  (366) 

9.  Ophite.  (158) 

Amygdaloid  1000-980=20  (17) 

A.  S.  16.  A  crushed  and  brecciated,  red  and  white  amygdaloid,  with 
some  copper  so  that  a  drift  was  run  on  it  southwest  some  200  feet. 

Trap  980-814=166  (141) 

Foot  of  A.  S.  16  is  an  ophite,  also  hanging  of  A.  S.  15. 

10.  Ophite.  (137) 

Amygdaloid  814-788=26  '  (22) 

A.  S.  15.     Coarse  gray  and  white  amygdaloid. 

Trap  788-653=135  "  (115) 

Foot  of  A.  S.  15  is  an  ophite,  also  hanging  of  11. 

11.  Amygdaloidal  conglomerate  653-643  (9) 

Conglomerate  with  fine  red  sediment  as  cement.  Hanging  and  foot 
are  ophites.  Cf.  at  the  Baltic  location  the  amygdaloidal  conglomerate 
on  the  knob  4  lots  south  of  2nd  street  on  10th  Ave.,  and  2  lots  S.  of  Stanton 
on  15th  Ave.  This  may  be  near  the  horizon  of  Conglomerate  4.  Total 
from  base  of  conglomerate  6,  1479-643=836  (711) 

or  multiplying  by  .9  (640  feet). 

12.  (68) 
Amygdaloid?    643-633=10     (9) 

Trap  633-563=70     (60) 

S.  14  ophite. 

13.  (84) 
Amygdaloid      563-542=21     (18) 

S.  13.     Massive,  fissured,  compact,  only  slightly  amygdaloid. 
Trap  542-464=78     (66) 

14.  (122) 
Amygdaloid  464-454=10                                    (9) 

S.  12.     Red  and  white  (prehnite,  calcite,  laumontite)  amygdaloid. 

There  was  a  drift  southwest  on  this  belt  for  about  400  feet.     It  was 

decomposed  and  full  of  laumontite  seams. 

Trap  454-321=133  (113) 

S.  with  "Cong.  4"  hanging  of  the  same, — an  ophite. 

15.  Conglomerate  321-299=22  (19) 

This  seems  to  correspond  to  an  amygdaloid  conglomerate  on  2nd 
street  at  Baltic,  just  east  of  15th  street,  which  is  about  1100  feet  from 
and  about  1000  feet  below  Conglomerate  6. 

Marvine's  Conglomerate  4  is  not  more  than  560  feet  below  Con- 
glomerate 6  and  probably  is  represented  by  some  of  the  higher  belts. 
The  Baltic  sandstone  and  the  amygdaloid  conglomerate  on  top  of  the 
next  ophite  seem  to  correspond  to  amygdaloids  A.  S.  17  and  A.  S.  16. 
The  drift  on  S.  16  indicates  this  strongly.  The  top  of  A.  S.  17  is  (274) 
to  (250)  feet  below  Conglomerate  6,  while  Conglomerate  5  is  only  (290). 
I  should  therefore  be  inclined  to  identify  the  "Baltic  sandstone"  with 
Conglomerate  5,  which  is  only  an  amygdaloid  conglomerate. 

I'he  top  of  Belt  10,  A.  S.  16,  is  at  about  the  same  distance  from  Con- 


496  KEWEENAW    SERIES    OF   MICHIGAN. 

glomerate  6  as  Conglomerate  4  (540  feet),  which  is  described  by  Marvine 
(II  b  p.  65  of  Vol.  I)  as  perhaps  amygdaloid,  "strongly  resembling  a 
conglomerate  or  breccia  of  altered  trap  pebbles."  About  144  feet  be- 
low it  (684  feet)  he  describes  an  "amygdaloid  ?  with  brown  porous 
portions  surrounded  by  a  yellow  sandy  material"  which  is  an  amyg- 
daloid conglomerate  and  is  perhaps  the  correlative  of  11.  Neither 
Conglomerate  4  or  5  are  marked  horizons  as  distinguished  from  the  tops 
of  many  of  these  flows.  Then  this  Belt  15,  which  Dengler  naturally 
in  drifting  up  from  near  Conglomerate  3  at  first  called  "Conglomerate 
4,"  may  find  its  match  in  147  feet  "covered"  just  above  the  Mabb 
ophite,  in  which  case  Belt  16  would  be  the  Mabb  ophite  and  the  Baltic 
lode  be  only  a  short  distance  below,  say  at  143  or  209  in  the  east  cross- 
cut. This  is  a  quite  possible  correlation,  but  would  bring  the  lode  as 
much  too  near  as  the  correlation  adopted  does  too  far  from  Conglom- 
erate 6,  and  Belt  16  is  not  as  coarsely  mottled  as  the  Mabb  ophite. 
"Cong.  4"  has  round  felsitic  or  basic  pebbles  and  epidotic  cement. 

16.  A  large  ophite.     The  Mabb  ophite? 

299-53  W  0-85  E=321  (274) 

Base  below  base  of   11  (293) 

"         "  "       "  Conglomerate  6  (1005) 

Belt  IH.  Epidote  and  amygdaloid  directly  under  the  conglomerate 
at  270.  I  examined  these  on  the  first  level  to  175  feet  taking  samples 
every  25  feet  to  175  inclusive,  Ss.  17884-17878.  From  75-125  it  is 
seamed  so  that  the  mottling  is  obscure  but  at  Sp.  17879  is  4  mm.  +  and 
17885  at  0  is  3  mm.  +.  Also  going  S.  17886  is  2  mm.  and  there  is 
no  marked  belt  until  90'  south. 
Apparently  0  in  this  level  corresponds  to  53  in  the  level  below. 

In  Dengler' s  samples  there  is  some  confusion.  0  on  west  cross-cut 
is  a  well-defined  amygdaloid.  No.  6  (sic  0?)  belt  at  foot  of  shaft  is  not 
an  amygdaloid  but  probably  a  much  shattered  ophite  2-3  mm.  coarse. 

Dengler  also  says  that  in  the  second  level  the  amygdaloid  from  85-137 
feet  southeast  of  the  shaft  does  not  appear. 

There  was  also  a  drift  southeast  (near  No.  3  plug)  about  200  north- 
west of  the  shaft  in  the  second  level.  In  the  sample  bag  is  a  genuine 
maroon  amygdaloid,  a  1-2  mm.  ophite,  and  a  5  mm.  decomposed  ophite 
like  that  of  the  level  above,  where  no  amygdaloid  was  noted  at  this 
level.  According  to  Dengler  there  was  a  seam  of  sandstone  with  a 
black  "foot"  trap,  and  a  "hanging"  mottled  with  chlorite,  while  at 
175  feet  from  Plug  2,  i.  e.,  183  feet  in  the  level  the  trap  is  gray.  Judg- 
ing by  my  own  notes  and  samples  I  should  make  but  one  somewhat 
sheared  belt  from  299  E.  to  85  W.,  with  a  thickness  not  far  from  300 
feet,  except  for  the  mottling  which  does  not  appear  to  be  over  5  mm. 
If  there  are  two  belts  they  are  either  repeated  or  a  piece  is  cut  out  at 
the  shearing  zone.  It  seems  quite  possible  in  view  of  the  sudden  change 
from  the  steep  dip  at  the  Baltic  to  relatively  flatter  dips  and  a  section 
extending  farther  southeast,  while  at  the  same  time  there  are  numerous 
veins  and  fissures  in  the  cross-cut  running  as  steep  as  70°  to  80°  that 
there  should  be  slide  faulting  producing  repetition  here,  or  possibly 
producing  erosion  of  part  of  the  section  at  the  Baltic. 

17.  Amygdaloid  conglomerate  (99) 

Amygdaloid  85-137  and  ophite  52  (44) 

I  made  it  90-142  measuring  from  a  little  different  starting  point. 
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S.  1.     Fine  grained  dark  trap,  and  dark  amygdaloid  with  chalky  white 
blotches  of  decomposed  prehnite,  like  the  Isle  Royale  Sec.  12  shaft,  also 
maroon,  very  amygdaloid  fragments  in  a  calcitic  matrix.     Heavy  brec- 
ciated  amygdaloid,  like  a  bed  just  above  the  Baltic  lode. 
Sp.  17889  at  100  is  slightly  brecciated,  and  amygdaloidal. 
Sp.  17890  at  125  is  much  more  so. 

Trap  137-201=64  (55) 

About  10'  below  the  top  is  a  seam  with  a  little  copper  ^  and  at  150  it 
is  still  fine  grained  and  porphyritic  in  a  minute  way.  At  175  (Ss. 
17891,  17892)  the  ophitic  mottles  are  3-5  mm.  At  200  (Sp.  17893) 
there  are  small  chlorite  amygdules,  but  the  niottUng  is  still  2-4  mm., 
and  there  does  not  appear  to  be  a  top  contact  or  iiew  flow. 

18.  Ophite.  (37) 

Amygdaloid  201-208=7  (6) 

"Belt  2"  is  a  coarse  red  and  white  amygdaloid,  which  must  be  some 
other  I  think.  "2  hanging  at  201'  E.  of  Shaft  7  feet"  has  a  purplish 
base  and  sparse  fairly  large,  (20  mm.  at  times)  chlorite  or  chlorite  and 
calcite  amygdules.  A  little  copper  was  found  in  this.  This  is  nowhere 
near  as  marked  as  the  belt  above.  Sp.  17894  at  204,  however,  shows 
a  marked  amygdaloid  with  a  fine  grained  maroon  base  and  greenish 
amygdules  of  altered  prehnite. 
Trap  208-244=36  (31) 

Sp.  17895  at  225  shows  2-3  mm.  mottles,  with  calcite  veins. 

19.  Ophite.  (80) 

Amygdaloid  244-282=38  (32) 

(The  strike  line  of  the  Baltic  ming  crosses  the  foot  of  this  amygdaloid, 
the  breadth  allowed  on  the  mine  plah  is  rather  generous;  at  275  it  is  trap). 

S.  3  and  Sp.  17896  at  250  feet  represent  this.  A  well-marked  maroon 
amygdaloid,  Tiot  notably  crushed,  greenish  amygdules  with  calcite  and  with 
white  kaolinic  matter  (?  decomposed  prehnite). 

Trap  282-339=57  (48  J)  represented  by 

Sp.  17897  at  275,  a  massive  faint  ophite,  with  a  mottling  perhaps  1-2  mm. 

Sp.  17878  at  300,  a  massive  trap  blotched  with  a  few  coarse  pink,  green 
or  calcite  amygdules. 
Sp.  17899  at  325,  massive,^a  2  mm.  ophite. 

20.  Ophite.  (76) 

Amygdaloid  339-359=20  (17) 

S.  4  fine  grained,  brown  with  coarse  large  amygdules,  and  much  greenish 
to  white  altered  prehnite. 

Trap  359-428=69  (59)  represented  by 

Sp.  17943  at  375  (at  385  is  a  nearly  vertical  seam)  a  massive,  fine  grained 
ophite. 
Sp.  17944  at  414  is  a  massive  2-3  mm.  ophite. 

21.  Ophite.  (137) 

Amygdaloid  428-155=27  (23) 

S.  5  shows  well-marked  amygdaloid,  purplish  with  greenish  and  white 
amygdules,  also  an  ophite  3x1  mm.,  this  belt  being  taken  too  wide. 

At  419  is  a  streak  of  amygdaloid  and  at  437  to454  is  a  broken  amygdaloid. 
Sp.  17945  at  444  is  fine  grained  and  full  of  little  chlorite  blotches. 

Trap  455-588=133  (114)  represented  by  17946 

Sp.  17946  at  460  is  a  1-2  mm.  ophite. 

iThe  tendency  of  copper  to  occur  in  the  foot  of  the  Baltic  lode  is  marked. 
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22.  (37) 
Amygdaloid    588-619=31     (26) 

Trap  619-632=13     (11) 

S.  6. 

23.  The  Mabb  ophite?  (205) 

Amygdaloid    632-653=23       (19i) 

Trap  655-873=218     (185) 

S.  7.     Very  well  marked  amygdaloid,  with  many  soft  greenish  (altered 
prehnite?)  kaolinic  amygdules. 
Base  of  this  below  base  of  Conglomerate  6  (1950)  to  (1760) 

24.  Ophite.  (61) 

Amygdaloid   873-893=20     (17) 
Trap  893-945=52     (44) 

S.  8.     Maroon  amygdaloid  and  ophite. 

25.  Ophite.  (67) 

Amygdaloid    945-974=29     (25) 
S.  9.     Fomid  a  small  mass  of  copper  above  this. 

Dip  59°f±.     Sample  fine  grained  epidote,  with  some  quartz  epidote 
copper  vein,  and  also  fine  grained  ophite.     This  may  be  the  Baltic  lode. 


26. 


28. 


Trap  974-1024=50  (43) 


Amygdaloid    1024-1051=27     (23) 

S.  10.     Purplish  with  minute,  flesh  colored  or  coarser  amygdules,  or 
with  few  chloritic  amygdules. 
27.    Conglomerates.    1051-1056=5     (4) 


Base  below  base  of  7  mm.  ophite  (155) 

"       "  Conglomerate  6  (2105) 


Amygdaloid    1056-1066=10     (9) 
S.  11  (or  is  it  2)  a  maroon  amygdaloid. 
29.     Trap  1066-1080=14     (12) 

Direction  at  end  S.  41  °  27'  E.,  and  the  beds  strike  more  nearly  E.  &  W., 

sayN.  55°  E. 

§17.     BALTIC. 

Leaving  tlie  Atlantic  section  we  find  on  the  Baltic  (File  13.31) 
a  series  of  amygdaloid  conglomerates  and  ophites  which 
can  be  pretty  well  paralleled  with  those  in  the  long  cross-cnt,  and 
directly  continnes  the  South  Range  section.  We  also  find  very 
heavy  trap  a  short  distance  above  the  Baltic  lode  and  on  the  whole 
a  fairly  complete  section  (PL  X).  The  numbers  in  parenthesis 
are  corrected  perpendicular  distances  from  No.  6. 

Conglomerate  6,  north  side  of  Stanton  Street  between  11  and  12.     525  A.  L.  S. 
6.1  Fine  grained  ophite  (50)  (50) 

iThese  numbers  refer  to  the  belts  of  the  Atlantic  cross-cut  above. 
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Clasolitic  amygdaloid  south  side  of  Stanton  and  in  railroad-cut  in  trenches 
northwest  of  church  and  on  13th  Street.  11 


Ophite  5  mm.  239  (300) 

8.  "Bahic  sandstone," — an  amygdaloid  conglomerate  with  much  red  sandy 
matrix  40 

Ophite  2  mm.  90  (430) 

9.  Amygdaloiil  conglomerate  20 

Ophite   4   mm.     Perhaps   two   flows.     First   60   feet   expcsed   on   14th 

Street  190  (540) 

10.  Amygdaloid  brecciated.  third  lot  south  on  13th  St  30 

Ophite  5-7  mm.  170  (740) 

11.  Amygdaloid  conglomerate;  knob  on  10th  St.;  50  feet  north  of  corner  of 
2nd  and  13th  St.;  and  lot  south  of  Stanton  on  15th  St.     A  .strong  belt. 

33  to  50  (765?) 

50  (840) 

Ophite  3  mm. 

12.  Amygdaloid  brecciated.     Close  to  school  house     20 

Ophite  100  feet  south  of  2nd  on  13th  St.,  and  southwest  of  school  house, 
green  blotched  fine  grained  bed,  perhaps  three  flows 


270  (1130) 

15.         Amygdaloid  conglomerate.     On  2nd  between  15th  and  16th  Sts.;  shows  ir- 
regular bottom  contact  aud  width.  10  to  30. 


Ophite  6  to  7  mm.  270                             (1420) 

Amygdaloiil  conglomerate  20 
16.         ]\Iabb  ophite  7  nmi.     In  front  of  Mine  office,  about  250  feet  above  Baltic 

lode;  200                             (1620) 
70  feet  of  it  with  banded  lines  of  flow. 

Amygdaloid.     Corner  of  14th  and  3rd   Sts.,   skeins  are   chloritic  and 

red  20 


Trap  skeined  and  banded  54  (1700) 

Amygdaloid  black  and  white;  elevation  near  No.  3  shaft  470  A.   L.  S. 

50 


Ophite  skeined  and  banded 

55 

Baltic  lode? 

40 

Baltic  foot 

160   +    £0 

Baltic  conglomerate 

4 

(1805) 

(leeo) 

(1964) 


It  will  be  noticed  that  the  copper  occurs  between  a  heavy  ini 
pervions  bed — the  Malib  ophite — and  an  open  pervious  water  bear- 
ing" one — the  Ualtic  or  Xo.  3  Conglomerate,  like  the  Medora  ioib^ 
and  various  occurrences  just  below  the  Greenstone,  and  the  lode 
at  the  Lake.  This  section  has  importance  in  comparisons  as  this 
lode  has  been  mu»li   sought  of  late. 
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